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Development of a Stable Ultraviolet Source 

and Techniques for Accurate Radiometry 

High Pressure Arc Source 

A small portable model of the high pressure plasma arc described in 

last year's report has been developed and tested. 

promising as a stable source of high radiance, particularly below 3000 1. 
At 2500 1 typical radiance temperatures vary from 5000 O K  to 7500 OK 
depending on the mode of operation, and the spectral radiance has a repro- 

ducibility of a few percent. 

This source is very 

Part I of this report contains a description of the characteristics 

Detailed drawings of this source and the required associated equipment. 

of some of the critical components, mechanical and electrical, are also 

provided. 

A more accurate determination of spectral radiance and a determination 

of the optimum manner in which the arc should be used and calibrated is 

still required. 

irradiance standard should be investigated. 

sidered for the near future. 

Also the possibility of using the arc as an ultraviolet 

These studies are being con- 

High Accuracy Spectral Radiance Calibrations 

The spectral calibration of tungsten strip lamps in terms of absolute 

watts per steradian per unit prejected area per wavelength interval from 

8500 1 to 2100 1 can now be performed with an estimated (95% confidence) 

uncertainty of about 1% to 3% respectively. The uncertainty relative to the 

International Practical Temperature Scale is somewhat less, about 2/3 of the 

above values . 
A report of the philosophy, approach, results, and limitations of this 

work is presented in Part 11. This is essentially a lecture presented by 
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the  p r inc ip l e  inves t iga tor  a t  a radiometry course a t  Eppley Laborator ies  

and brought up t o  da t e  f o r  t h i s  report .  U n t i l  r e p r i n t s  of t he  research 

paper on t h i s  work are ava i l ab le ,  t he  modified course notes  i s  the  bes t  

r epor t  ava i lab le .  

Low Current Graphite Arc 

The s p e c t r a l  radiance of t he  pos i t ive  c r a t e r  of  a low current  graphi te  

f o r  which t h e  
0 0 

a r c  has been determined a t  wavelengths f rom 8500 A t o  2100 A 

a r c  i s  a usefu l  standard. The a r c  has an uncer ta in ty  about t h ree  t imes 

g rea t e r  than a tungsten s t r i p  lamp which has received a high accuracy 

ca l ib ra t ion  a t  NBS, i s  l e s s  convenient t o  use, and cannot be used where 

the  band spec t ra  i s  strong. On t h e  other hand, the  a r c ' s  s p e c t r a l  radiafice 

i s  10, 100, and 2,000 times that of a s t r i p  lamp a t  8500, 2F00 and 213J 

respec t ive ly ,  t he  i n i t i a l  c a p i t a l  investment i s  l e s s ,  and the  a r c  need r:ot 

be ca l ib ra t ed  o r  r eca l ib ra t ed  per iodica l ly  as do s t r i p  lamps. The d e t a i l s  

and r e s u l t s  of t he  a r c  measurements a r e  reported i n  P a r t  111. 
/ 
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PART I 

HIGH PRESSURE ARC SOURCE 

C. R. Yokley 

I 
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INTRODUCTION 

The e s s e n t i a l  goals of t he  contract  proposal have been m e t  and a s m a l l  

arc-type source f o r  use i n  t h e  u l t r a v i o l e t  has been designed, constructed,  

and p a r t i a l l y  t e s t ed .  Depending upon t h e  mode of operation, t he  u l t r a v i o l e t  

r ad ia t ion  from t h e  source has a radiance temperature from 5000 OK t o  7500 OK, 

and operation is  continuous. 

r ad ia t ion  in the  2000 A t o  3350 A range appears t o  be a continuum when 

observed with a spec t r a l  band pass of 0.85 A.  

low noise ,  approximately 1/2% o r  l e s s  when observed with a system having a 

th ree  second time constant. 

With the  exception of one l i n e  a t  2478 A,  t h e  

The r ad ia t ion  output exh ib i t s  

The usefu l  range of t he  source extends over a wide wavelength region 

from the  vacuum u l t r a v i o l e t  t o  about 4000 A, where t h e  spec t r a l  radiance 

approaches that of a carbon a r c  (3800 OK). The 4000 A l i m i t  can be extended 

by using t h e  a r c  end-on as shown i n  Fig. A-11. The spec t r a l  radiance i s  

r e l a t i v e l y  constant from 3000 A t o  5000 A and exh ib i t s  a weak maximum a t  

about 4000 A .  

The r ep roduc ib i l i t y  i n  spec t r a l  radiance i s  such that ca l ib ra t ions  

(within a few days) may be repeated t o  within 3% (standard deviat ion)  over 

t h e  wavelength range 2200 A t o  3100 A .  

wavelength ind ica t e s  that the  standard deviation of t h e  spec t r a l  radiance 

may be reduced t o  1% f o r  s i t u a t i o n s  i n  which prec ise  source alignment i s  

possible .  

One set of measurements made a t  one 

The ex te rna l  appearance of  t he  arc-source is  shown i n  t h e  photographs. 

I n  t h e  f i rs t  photograph, t h e  u n i t  is  assembled f o r  use i n  a side-on mode. 

The tungsten cathode i s  shown being inser ted i n t o  the  operating posi t ion.  

When t h e  source i s  assembled f o r  end-on use the  appearance i s  as given i n  t he  

second photograph. The last photograph shows an exploded view of t he  a r c  

I p a r t s .  The s i z e  of the  a r c  i s  seen t o  be comparable t o  that of a laboratory 



I 
t 
i 
I 
I 
I 
I 
I 
I 
1 
I 
I 
i 
I 
I 
I 
I 
I 

-5- . .  

s t r i p  lamp reference source. 

Description of the System 

1. The Arc Chamber 

The arc-source i s  e s s e n t i a l l y  a wal l -s tabi l ized a r c  i n  which t h e  cur ren ts  

and pressures  used a r e  such that the  a r c  f i l ls  the  channel through which it 

passes. Thus the  volume of r ad ia t ing  gas i s  bothmade s p a t i a l l y  s t a b l e  and 

ra i sed  t o  high power d e n s i t i e s  by nature of the  dimensions involved. 

an e f f e c t i v e  a r c  diameter equal t o  t h e  rad ia t ion  half-width ( u l t r a v i o l e t )  o f  t he  

a rc ,  the  e l e c t r i c a l  input power i n  t h e  side-on observation zone ranges from 90 

t o  350 KW per cm . 

Based on 

3 

The ac tua l  rad ia t ion  cha rac t e r i s t i c s  of arc-sources such as t h i s  depend 

upon t h e  energy-level d i s t r i b u t i o n  o f  t he  gas used. 

from heat ing due t o  the  a r c  current  and serves t o  populate the  upper energy 

l e v e l s  and t h e  continuum. 

observed rad ia t ion .  

The exc i ta t ion  i s  derived 

The resultant t r a n s i t i o n s  t o  lower l e v e l s  produce the  

Argon i s  an economical, r ead i ly  ava i lab le  gas that performs wel l  i n  t h i s  

a rc .  

v o l t s ) .  

o ther  gases may be used i n  the  observation zone while s t i l l  providing a pro tec t ive  

atmosphere of argon around t h e  electrodes.  

The discharge i s  s t ab le  and operating vol tages  a r e  f a i r l y  low (70 t o  100 

Although argon i s  used exclusively f o r  the  experiments t o  be discussed, 

The amount of rad ia t ion  that can be col lected from a gaseous source depends 

upon t h e  volume of gas contr ibut ing.  I n  a rcs  of t he  nature t o  be described, it 

has been found that the  geometric s t a b i l i t y  f o r  high pressure (300 p s i )  i s  best  

f o r  about 1/8" channel diameter and for  p la te  spacings not exceeding .084". If 

a small zone within t h e  a r c  i s  selected f o r  observation there  will be a s o l i d  

angle  beyond which t h e  i n t e r n a l  p a r t s  of  the source become l imi t ing  aperature  

s tops.  

and f/4.4 f o r  t h e  a r c  window. 

The f/-number* f o r  t h i s  source i s  the order of f/7 for t he  i n t e r n a l  ;a r t s ,  

The usefu l  

*In t h i s  r epor t  f/-number i s  defined t o  be the  r a t i o  of t he  d is tance  o f  a p o i s t  
source from t h e  l imi t ing  p a r t s  t o  the  diameter or  spacing of these p a r t s .  
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port ion o f  t h e  quartz  window on t h e  s t r i p  lamp reference has an f/-number 

of 4.4. In  prac t ice ,  t he  l imi t ing  s top for  a l l  measurements i s  chosen 

smaller (f/25) s o  as t o  make alignment l e s s  c r i t i c a l .  

The design of t h e  arc-source i s  e s s e n t i a l l y  that of t h e  prototype (1). 

S ign i f i can t  changes have been made i n  t h e  s i z e  and weight o f  t h e  assembly, 

and t h e  source i t s e l f  can be considered portable. An exploded view o f  t h e  

a r c  used f o r  side-on measurements is  given i n  the  t h i r d  photograph. 

individual  elements from l e f t  t o  r i g h t  are  the  anode, 1st cons t r ic t ion ,  2nd 

cons t r ic t ion ,  center  mount and window assembly, 3rd cons t r ic t ion ,  4 tn  con- 

s t r i c t i o n  and the  hollow cathode. The d e t a i l s  o f  t h e  individual  u n i t s  

a r e  given i n  the  appendix, Figs .  A-1 t o  A-7. 

The 

The cathode has been designed with a 1/8" diameter cen t r a l  hole which 

admits a b ra s s  s t a r t i n g  rod. 

withdrawing t h e  rod a f t e r  t h e  power has been turned on. 

c i r c u i t  vol tage i s  about 300 V. 

lower than t h i s  a r e  used, t he  a r c  becomes qu i t e  d i f f i c u l t  t o  start.  

i gn i t i ng ,  t h e  voltage drops t o  t he  operating range o f  about 90 V. 

The a r c  i s  ign i ted  by quickly lowering and 

I n i t i a l l y ,  t he  open 

If power suppl ies  having outputs  much 

After 

The a c t u a l  cathode t o  which the  a rc  f i n a l l y  becomes attached i s  a 5/32"D 

The rod i s  held by a small c o l l e t  i n  the tungsten rod approximately 4" long. 

sealing-cap which clamps t h e  rod about 3 l/4 inches from the  point. of a r r  

attachment. 

The a r c  chamber is  sealed by lowering the  5/32" 1% thorium cathode down 

t h e  c e n t r a l  hole  and screwing t h e  cap t o  which it is  attached down aga ins t  

an O-ring. 

holder  and extends t o  within about .05011 of t he  4 t h  cons t r ic t ion .  After 

sea l ing ,  t h e  a r c  cur ren t  and pressure a r e  s e t  t o  t h e  required values. 

In t e rna l ly ,  t h e  5/32'' cathode p ro jec t s  about .050" from i t s  

For 
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appl ica t ions  where very small so l id  angles  can be to l e ra t ed ,  t he  cathode rod 

can be omitted and a quartz  window ins t a l l ed  in the  sea l ing  cap. 

ber  thus obtained is  about f/32 based on a point  source a t  t h e  center  o f  t he  

a rc .  

2. Anci l lary Hardware 

The f/-num- 

Stab le  operation of such an arc-source requi res  a current  regulated 

d.c. power supply, a water cooling system, an argon metering, and a pressure 

measuring and regulat ing system and a reproducible mounting base f o r  o p t i c a l  

alignment. 

t he  appendix (Table A - 1 ) .  

rout ine.  

s t r i k e  t h e  a r c  ( a s  described above), and adjust  t he  pressure and current  t o  

t h e  required values. 

3. The cooling system. 

The individual  cha rac t e r i s t i c s  o f  each system a r e  summarized i n  

Once s e t  up, use of t he  source becomes e a s i l y  

I t  is  merely necessary t o  turn  the power and cooling water on, 

The s t a b i l i z i n g  w a l l s  f o r  the  a r c  a re  constructed f o r  forced convection 

cooling wi th  high ve loc i ty  water. 

small copper insert with i n t e r n a l  ba f f l e s  a s  shown i n  f igu res  A-6 and A-7 

i n  t h e  appendix. A l l  u n i t s  are connected t o  the  water supply i n  p a r a l l e l  

f o r  t h e  higher currents .  

water treatment and no f a i l u r e s  have been noted which were cuased by poor 

heat  t r a n s f e r  due t o  i n t e r n a l  sca le .  

4. Argon Flow System 

Each cons t r ic t ion  u n i t  i s  f i t t e d  with a 

The system i s  used without r ec i r cu la t ion  or spec ia l  

The argon supply t o  t h e  a r c  i s  regulated a t  two l eve l s .  Tank pressure 

i s  reduced t o  600 p s i  i n  a preliminary manifold and then t o  t he  a r c  by a 

second regula tor .  

values  individual lyconncctedneartheanode and cathode and between the  1st 

and 2nd and the  3rd and 4 t h  constr ic t ions.  

The flow i n  the  system is  regulated by four  cons t r ic t ion  
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The indiv idua l  flow r a t e s  a r e  a matter o f  an empirical  choice but 

have ce r t a in  ranges within which the  a rc  i s  s p a t i a l l y  s t ab le .  The a r c  

s t a b i l i t y  i s  most s ens i t i ve  t o  flow a t  high pressure and thesc f l u w  m t r  

s e t t i n g s  are determined f o r  t he  ac tua l  pressures and currents  t o  be u s t d  

and kept constant thereaf te r .  

The most c r i t i c a l  flows a r e  those i n  the ends o f  t he  a r c  near  the  

cathode and anode and t angen t i a l  i n j ec t ion  o f  argon gas i n t o  these  z m e s  

i s  used. The f l o w  values are tabulated i n  Table A-2 of the  appendix, but 

i n  general  terms t h e  t o t a l  r a t e  of argon amounts t o  about 60% of a tank per 

day of operat ion (130 f t  ) .  The ac tua l  e f f ec t  of f l o w  on t h e  values of t he  

spec t r a l  radiance f o r  such a r c s  w i l l  be described below. I n  a ca l ib ra t ion ,  

t he  gas flow i s  f ixed as wel l  as the  operating current  and pressure.  

5 .  Power Supply 

3 

The power t o  the  a r c  source i s  delivered a t  constant current.. The 

d e t a i l s  of t h e  s e r i e s  regulator  current  control  have been described else-  

where [l]. 

terms of uncer ta in ty  i n  the  spec t r a l  radiance due t o  current  i s  about 0.2%. 

Tne s e r i e s  u n i t  has a l s o  been incorporated i n  t h e  design of a portable  

The current  regulat ion (k.05 amp) i s  such that t h e  e f f e c t  i n  

power supply ( s i z e  l imi t a t ion  i s  t h e  30 KVA i s o l a t i n g  transformer) and a 

schematic of the  connections a r e  shown i n  Fig. A-8. 

I n  t h e  o r i g i n a l  reference [l] the  power input  w a s  i n i t i a l l y  d i r e c t  

current  (650V) but contained about 1 2 V  (p-p) of 360 cycle r i p p l e  and t h e  

regula tor  w a s  required t o  operate as an ac t ive  f i l t e r  a s  well .  

full-wave r e c t i f i c a t i o n  has more r i p p l e  than t h e  regula tor  could handle 

( 1 8 V  p-p) 

t o  about 4V pp. 

and r e s u l t s  i n  a f i n a l  r i pp le  i n  a r c  current o f  0.2% a t  t h e  30 amp l e v e l  foy 

Three phase 

and a separate  a c t i v e  f i l t e r  is  used t o  reduce the  input  r ipp le  

This  i s  w e l l  within t h e  capci ty  o f  the  current  regula tor  
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300 v o l t  input. 

250 v o l t s  minimum for easy s t a r t i n g ,  and t h e  operat ing voltage is between 

70V and 1OOV. 

balancing r e s i s t o r s  (R ) which are about 7 ohms each. 

value of balance res i s tance  t e s t e d  f o r  which t h e  cathode current  d iv ides  

evenly and remains igni ted simultaneously on both electrc.des. 

The a r c  source requi res  a no load voltage i n  the order o f  

Most of t he  excess voltage appears across  t h e  cathode 

This i s  the  l o w e s t  k 

I n  many cases where arc-sources a re  t o  be used, ex i s t ing  power arrange- 

ments can be adapted with a considerable economy i n  hardware. 

vol tages  a r e  s u f f i c i e n t l y  high, ad jus tab le  s e r i e s  b a l l a s t  r e s i s t o r s  [ 21 can 

be used t o  regula te  t he  a r c  current .  Two arc power systems used a t  NBS use 

b a t t e r i e s  (100 AH, 6V) i n  banks of 200V which may be operated in  combination 

t o  provide 200, 300 or 600 v o l t s  a t  currents  t o  100 amperes. 

Current Measurement 

When t h e  

For a given geometrical configuration of t h e  a r c  s t a b i l i z i n g  p a r t s ,  

t h e  s p e c t r a l  radiance i s  pr imari ly  dependent upon t h e  magnitude of t h e  a r c  

current .  I n  t h e  case o f  t h e  end-on a rc  the  cur ren ts  used range from 

30 t o  75 amperes, and the  r e l a t ionsh ip  i s  near ly  l i n e a r  as shown i n  Fig.  A-13. 

The slope over t h e  range i s  .088 s p e c t r a l  radiance units per ampere. A t  t h e  

50 ampere l e v e l ,  t he  cur ren t  must be known t o  b e t t e r  than *.l amp f o r  a *.3% 

uncer ta in ty  i n  spec t r a l  radiance. 

potent iometr ic  current  measurements. The current  sensing shunt i s  connected 

i n  t h e  power loop as shown i n  Fig. A-8 i n  t he  appendix and i s  f a i r l y  c lose  

t o  ground po ten t i a l .  

This accuracy fa l ls  i n  t h e  range of  

When a r c s  such as these  are being powered from sources containing some 

r i p p l e ,  cor rec t ions  have t o  be made i n  order t o  repeat  spec t r a l  radiance data 

obtained f o r  pure d i r e c t  current .  

one-half percent ,  usua l ly  t h e  correct ions are negl ig ib le  r e l a t i v e  t o  t h e  

If the peak-to-peak r ipp le  i s  l e s s  than 
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experimental e r r o r s  i n  spec t r a l  radiance. 

Source Alignment 

The measured rad ia t ion  emitted from arc-type sources involves the 

individual  contr ibut ion of a l l  of t h e  emit ters  within t h e  e f f e c t i v e  so l id  

angle l imi ted  by t h e  opt ics .  

i n  such a r c s  (3) t he  o p t i c a l  alignment becomes c r i t i c a l .  

Inasmuch as large temperature gradients  e x i s t  

Adjustments f o r  

scanning as w e l l  as reproducing t r ans l a t ions  along t h e  x, y and z (Fig. A-11) 

coordinates must be avai lable .  Rotations r e l a t i v e  t o  t h e  hor izonta l  and 

v e r t i c a l  axes are a l so  required.  

dependent on t h e  s i z e  of  t h e  t a r g e t  area and t h e  homogeniety o f  t h e  emitt ing 

volume. The s e n s i t i v i t y  i n  the  measurement o f  spec t r a l  radiance as obtained 

with the  equipment used amounts t o  about a 1% uncertainty when the  individual  

devia t ions  for each degree of freedom a r e  added f o r  worst case. 

The s e n s i t i v i t y  of any one adjustment i s  

Tne most s ens i t i ve  motion f o r  the side-on a r c  i s  along the  x-axis where 

a displacement of t he  t a r g e t  a rea  o f  .005" r e s u l t s  i n  a 1% lowering i n  t h e  

observed s p e c t r a l  radiance. 

Alignment o f  t he  measuring instrumentation with the  t r u e  a x i s  o f  t he  

end-on a r c  i s  t h e  most d i f f i c u l t  of a l l  adjustments. 

ment i s  a r o t a t i o n  and requi res  vern ier  controls.  

swings t h e  output s igna l  through the  en t i r e  range. 

ment c h a r a c t e r i s t i c s  i s  given i n  Table A-3 i n  t he  appendix. 

6 .  

This c r i t i c a l  a l ign-  

Rotation of  .2 radians 

A summary of  t he  a l ign-  

Fac tors  a f f ec t ing  Spec t ra l  Radiance of Arc-type Sources. 

The s p e c t r a l  radiance of t h e  arc-source i s  determined by measuring 

t h e  r a t i o  between the  a r c  and a wel l  known reference source. The reference 

used f o r  t hese  experiments was a quartz-window tungsten s t r i p  fi lament lamp 

and was e s p e c i a l l y  ca l ibra ted  f o r  use i n  the 2100 A t o  3391 A u l t r a v i o l e t  

range. The spec ia l  u l t r a v i o l e t  ca l ibra t ion  w a s  performed i n  another p a r t  
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of  t h e  Radiation Thermometry Section by d i r e c t  comparison of t h e  lamp 

( a t  constant current)  t o  a high-temperature, high-quality blackbody. The 

method el iminates  the need f o r  tungsten emissivi ty  da ta  a t  the  respec t ive  

operating temperature and the  spec t r a l  transmittances of t he  quartz  window. 

A scan across  a t y p i c a l  tungsten s t r i p  lamp shows a change i n  the  

spec t r a l  radiance of about 2% per mill imeter when examined with a .2mm 

square t e s t  a r ea  i n  the  v i c i n i t y  of the  s t r i p  center .  A similar comparison 

f o r  the  arc-source shows a spec t r a l  radiance change of about 50% per  milli- 

meter. In  t h e  case of t he  side-on a rc ,  the change i n  spec t r a l  radiance i s  

due t o  both t h e  temperature p r o f i l e  and the change i n  depth of t h e  observed 

volume of gas. 

The measurement i s  made spec t r a l  through t h e  use of a small .5 meter 

Ebert  Spectrometer. The o p t i c a l  arrangement i s  given i n  Fig. [A-9] .  The 

necessary focusing and folding of the  op t i ca l  path is  done with uncoated 

f ron t  surface aluminized mirrors.  

i s  l imi ted  by the  quartz  window i n  the  a r c  chamber and t h e  sapphire window 

on t h e  photomultiplier.  The e f f e c t  of scat tered l i g h t  i n  the  spectrometer 

i s  reduced t o  about 2% of  the  s igna l  down t o  2400 A by the  c h a r a c t e r i s t i c s  

Of t h e  photomultiplier.  The EMR54lF used has a long wavelength cut  of f  of 

about 3600 A and i s  re fer red  t o  as a "so lar  blind" mul t ip l ie r .  

A t  t h e  shor t  wavelengths the  i n t e n s i t y  

The sca t t e red  l i g h t  i n  t h e  measured rad ia t ion  from 2100 A t o  2400 A 

was estimated by i n s e r t i n g  band-pass f i l t e r s  which cut  off  a t  wavelengths 

s l i g h t l y  longer  than the  one i n  question. 

ments both arc-source and s t r i p  lamp were ve r i f i ed  by use of  s u i t a b l e  t e s t  

f i l t e r s  as described above. Actually, the sca t te red  l i g h t  cor rec t ions  a r e  

necessary only f o r  t he  s t r i p  lamp ca l ibra t ion .  

t r i b u t i o n  which minimizes the  sca t te red  l i g h t  i n  t h e  u l t r a v i o l e t ,  and the  

The zero signal f o r  a l l  measure- 

The a rc  has a spec t r a l  d i s -  
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dark current  s igna l  

It was pointed 

and sca t te red  l i g h t  test  s i g n a l  a r e  near ly  iden t i ca l .  

out above that the  ac tua l  value of observed spec t r a l  

radiance f o r  non-homogenious sources depends on t h e  "zone" i n  the  source 

selected by the  o p t i c a l  arrangement of t h e  measuring system. 

ments reported here a r e  f o r  a t a r g e t  area .023" high and .013" wide. 

These dimensions amount t o  27% and 17% of the a r c  half-width respect ively.  

Additionally,  an ex te rna l  c i r c u l a r  s top establ ished the  l imi t ing  aperature  

f o r  arc-source and reference a l i k e  and had a nominal value of f,'25 f o r  

side-on observations.  The alignment r e l a t i v e  t o  t h e  x-axis i s  determiiied 

by searching f o r  t he  peak r ad ia t ion  s ignal .  Ver t ica l  s e t t i n g s  a r e  deter-  

mined by o p t i c a l l y  determining t h e  opt ica l  axis midway between the  upper 

and lower cons t r i c t ion  p l a t e s .  

l i s h e d ,  t h e  r o t a t i o n s  are l'tunedw f o r  maximum r ad ia t ion  s ignal .  

A l l  measure- 

Once t h i s  reference datum has been estab- 

There i s  a s l i g h t  va r i a t ion  o f  i n t ens i ty  i n  t h e  v e r t i c a l  d i r ec t ion  

( y  a x i s )  i n  t h e  a r c  space between t h e  cons t r ic t ion  p l a t e s  f o r  side-on 

observations of the  a rc .  

through the  geometrical center of t h e  a r c  f o r  a very small t e s t  zone 

( - 0 5  x .08 a t  f/300). 

measurement of t h e  p l a t e  spacing. 

from t h e  cons t r i c t ing  p l a t e s  a t  each end o f  t h e  scan. 

Fig.  [A-101 gives the  r e s u l t s  of  a v e r t i c a l  scan 

The half-height width i s  very c lose  t o  the  mechanical 

The wing d e t a i l  a r i s e s  f rom r e f l e c t i o n s  

A hor izonta l  scan (X-Axis) through the v e r t i c a l  midpoint between t h e  

c o n s t r i c t i n g  p l a t e s  i s  given i n  Fig.  [A-lo]. The half-width depends upon 

t h e  pressure,  current  and f l o w  conditions, but i s  nominally 1.7 mm o r  54% 

of t h e  a r c  channel diameter. The range o f  half-widths observed over a l l  test 

condi t ions v a r i e s  from 1.6 mm t o  1.9 111111. 

A considerable amount of care must be exercised i n  t r a n s l a t i n g  back 

and f o r t h  between the  arc-source and the  reference s t r i p  lamp. A l l  t rans-  

l a t i o n s  are measured with dial-gage stops and reproduced t o  .31)1". 
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The alignment of t h e  s t r i p  lamp r e l a t i v e  t o  the  fi lament notch and 

envelope arrow provided f o r  t h a t  purpose i s  accomplished by placing stronb: 

l i g h t  a t  t h e  e x i t  s l i t  and ad jus t ing  the  focus,  tilt, arid ro t a t i~v i  I - c , ~ : L !  ivr- 

t o  t he  o p t i c a l  axis establ ished by t h e  beam. 

Since there  were no requirements f o r  l i n e  shape determinations,  wide 

The band pass of t h e  measuring instrumentation is about s l i ts  were used. 

17 A. 

Windows and absorbing media i n  t h e  o p t i c a l  path. 

The shor t  wavelength cut  of f  of u l t r a v i o l e t  l i g h t  from the  a r c  source 

i s  determined by the  window. 

windows have been used, but t he  bulk of the work has been done with quartz .  

The windows are seated i n  a sleeve-type holder and can be e a s i l y  ramoved 

f o r  cleaning, subs t i t u t ion ,  o r  t e s t ing .  When the  a r c  i s  being observed 

side-on, t h e r e  are two windows 180° apart and the  rear window has loo 
s lan ted  sur faces  t o  e l iminate  r e f l e c t i o n  problems when the  da ta  f o r  temp- 

e ra tu re  p r o f i l e  s tud ie s  are being taken. 

Both quartz  (1850 A grade) and LiF (1350A) 

There has been no observed t rend  i n  the spec t r a l  radiance measurements 

that would ind ica t e  changes i n  window transmittance as a funct ion of ultra- 

v i o l e t  i r r a d i a t i o n .  Measurement made a f t e r  long exposure (16 hrs) are j u s t  

as a p t  t o  be lower o r  higher than t h e  o r ig ina l  measurement. 

An aluminum f i l m  f i l t e r  i s  used i n  the system t o  reduce t h e  i n t e n s i t y  

of t h e  a r c  before entrance i n t o  t h e  spectrograph. The choice o f  t he  value 

of f i l t e r  t ransmit tance i s  a compromise between t h a t  required t o  allow t h e  

use of a constant  photomultiplier voltage, a maximum anode current  of 

5 x 

range of the ava i lab le  e lec t ronic  a t tenuat ion.  

amperes, and values of measured photo-currents that fall within the  
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It was found t h a t  the  f a t igue  e f f e c t s  of t h e  phototube could be m i n i -  

mized by us ing  a program of exposure t o  high photo-current p r io r  t,o t.hc 

ac tua l  measurements. A "pre-fatigue" current of about 2 x amp f o r  a 

period of f o r t y  minutes s t a b i l i z e s  t h e  tube s o  that t h e  f a t igue  e f f e c t s  

a r e  negl ig ib le .  Actually, i f  t h e  tube i s  l e f t  dark f o r  an extended period, 

some regain is  observed (3% o r  so) but the o r i g i n a l  current  i s  repeated i f  

t h e  time t h e  tube i s  re-exposed i s  equal t o  twice t h e  dark time. 

The f i l t e r  used was evaporated on a quartz subs t ra te  and used i n  t h e  

2000 A t o  3200 A range. 

about 1% a t  2100 A t o  1/8 a t  3100 A .  

fo r  ca l ib ra t ion  o f  t he  u l t r a v i o l e t  f i l t e r  as it has t he  necessary in t<ens i ty  

The transmittance i s  not  neu t r a l  but v a r i e s  from 

The a r c  source i tself  i s  s u i t a b l e  

as wel l  a s  s t a b i l i t y  f o r  t h e  procedure. The f i l t e r  ca l ib ra t ion  i s  carr ied 

out  using t h e  same spectrograph s l i t s  and  ex terna l  op t i c s  as a re  t o  be used 

with t h e  a c t u a l  measurements of t he  a r c  and s t r i p  lamp. 

d r i f t  during t h e  time required f o r  the measurement is  not de t ec t ib l e .  

The measured rad ia t ion  

The 

a t tenuat ion  of  t h e  f i l t e r  i s  t h e  r a t i o  of t h e  photo-currents with and with- 

out t h e  f i l t e r  i n  t h e  o p t i c a l  path. The i l luminated a rea  of t he  f i l t e r  was 

about a 1.5 cm diameter a rea  and t h e  mounting system permitted prec ise  re- 

placement of  t he  f i l t e r  r e l a t i v e  t o  the cal ibrated a rea  with respect  t o  t i l t . ,  

t r a n s l a t i o n  and ro ta t ion .  A l l  t he  measurements were ve r i f i ed  f o r  alignment 

by t e s t i n g  for t h e  peak value of the  rad ia t ion  s ignal .  

cur ren t  w a s  l imi ted  t o  1 x 10-7amperes. 

The maximum photo- 

Throughout t he  range of pressures and cur ren ts  invest igated,  argon a r c s  

of t h i s  na tu re  are s t i l l  op t i ca l ly  th in .  An estimate of t h e  emiss iv i ty  i s  

made poss ib le  by the  temperature p r o f i l e  experiments and w i l l  be discussed 

l a t e r .  

observat ion through long path lengths  providing that the  excited gas i n  t h e  

Additional r ad ia t ion  power may be obtained by a r c  designs permit t ing 

pa th  i s  s p a t i a l l y  s t ab le .  The result 'of such an arrangement i s  more radiatiori  
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f o r  t h e  same e l e c t r i c a l  power input.  

This a r c  may be used in e i t h e r  of t w o  modes that is  side-on o r  end-on. 

When Fig. A-11 shows schematically t h e  general  arrangement f o r  both cases. 

t h e  a r c  i s  being observed side-on, r e l a t i v e l y  shor t  path lengths  a r e  involved. 

The a r c  is symmetrical about t h e  vertical axis and a scan from t h e  1% t o  1% 

edge i n t e n s i t y  of t h e  a r c  is t y p i c a l l y  4 mm f o r  cons t r i c t ion  p l a t e s  (C,,C,) 

with 1/8'! holes.  As mentioned the  width o f  the  half 

nominally 1.7 mm. 

side-on use. 

The a r c  zone general ly  used i s  i n  the center  o f  

Only one cathode is  used when t h e  

c . J  

i n t e n s i t y  poin ts  i s  

system i s  s e t  up f o r  

t he  assembly as in- 

dicated and the  separat ion from t h e  electrodes enchances the  l o c a l  s p a t i a l  

s t a b i l i t y .  

out t o  the  1% r ad ia t ion  values i n  t h e  observation zone i s  very small ( - 3 s  cm" 

and corresponds t o  an average power densi ty  of about 60 kw/cm 

ampere a rc .  

The t o t a l  volume of excited gas based on t h e  width o f  t he  a rc  
2 

3 f o r  a 50 

Observation of  t he  rad ia t ion  along t h e  e n t i r e  long axis of t he  a rc  i s  

obtained by f i t t i n g  the  a r c  assembly with a spec ia l  s p l i t  cathode a s  shown 

schematically i n  F g. A-11.  Two small 1/8" tungsten electrodes each carry 

half t h e  a r c  current  and extend t o  within ,050" of t h e  4 th  cons t r ic t ion  p la te .  

These e lec t rodes  do not  pro jec t  i n t o  the  so l id  angle described by t h e  

o p t i c a l  system and cannot be ''seentt by the measuring instrumentation. 

pe r t inen t  d e t a i l s  of t h e  s p l i t  cathode holder and the  electrode configuration 

i t se l f  i s  given i n  Fig.  A-5 i n  t he  appendix. The end-on e x i t  beam ca lcu la t e s  

t o  f/5.4 f o r  a point  source a t  t h e  center of the  a r c  and i s  determined by 

t h e  hole  diameter of t h e  last  constr ic t ion p la te .  

a removable quartz window which permits a s imi la r  s t a r t i n g  procedure as used 

with t h e  side-on assembly. 

The 

The beam passes through 
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Geometrical Factors:  

The Dependence of Spec t ra l  Radiance Upon P l a t e  Spacing. 

When arc-sources a r e  being considered as reference sources var ious 

questions a r i s e  concerning t h e  dependence o f  t h e  measured s p e c t r a l  radiance 

upon t h e  geometrical configuration of  t h e  s t a b i l i z i n g  elements. 

i l i t y  i n  t h i s  a r c  depends pr imari ly  on t h e  separat ion of t he  cons t r i c t ing  

p l a t e s  ( f r e e  a r c  length)  and t h e  diameter o f  t he  holes  through which t h e  

a r c  passes. 

t h i s  source and t h e  dependence of spec t r a l  radiance upon p l a t e  spacing w i l l  

be discussed below. 

The stab- 

The cons t r ic t ion  p l a t e  hole diameter has been s e t  a t  1/8" f o r  

The s p e c t r a l  radiance f o r  t h e  side-on source w a s  measured f o r  14 

increments of p l a t e  spacing a t  constant wavelength, current  and pressure.  

The spacings were measured o p t i c a l l y  a f t e r  each reassembly of  t h e  source by 

v e r t i c a l l y  scanning t h e  source with very narrow beam op t i c s  (f/300, t a r g e t  

.05 mm x .08 mm). Each measurement was made a t  t h e  respect ive operating 

pressure and current .  The spacing range i s  from .053" t o  .084l' which i s  

about t he  l i m i t  f o r  geometrically s t a b l e  a rc s  o f  t h i s  design. 

A l e a s t  squares f i t  t o  the  da ta  shows t h e  t rend over t h e  range (Fig.  1). 

The t a r g e t  a r ea  used corresponds t o  t h e  rad ia t ion  peak s igna l  along t h e  x-axis 

and t h e  mid-position between the cons t r ic t ing  p l a t e s  i n  t h e  v e r t i c a l  d i r ec t ion .  

The conclusion i s  t h a t  t he  dependence i s  r a the r  mild, and over t h e  t o t a l  

range of p l a t e  spacing amounts t o  only a 3% change in  spec t r a l  radiance. 

In t e rp re t ed  i n  terms of probable assembly limits (.005") f o r  a source o f  t h i s  

design, an uncertainty o f  about 1% i n  spec t r a l  radiance o r  4 deg i n  radiancc 

temperature i s  expected due t o  spacing e r ro r  f o r  the  w o r s t  case. 

During the  p l a t e  spacing experiments, measurements were a l s o  made of 

t h e  half-width of t h e  a r c  i n  order t o  determine the  amount of  bulging of the 
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f r e e  a rc .  A s t r a i g h t  l i n e  was f i t t e d  (least squares) t o  t h e  da ta  and provides 

a r e l a t ionsh ip  between the  spec t r a l  radiance and t h e  rad ia t ion  half-width 

and ind ica tes  t h a t  t h e  nnarrow" a r c s  have t h e  highest  spec t r a l  radianctx. 

The r e l a t ionsh ip  between the  a r c  r ad ia t ion  half-width and t h e  spec t r a l  radi-  

ance 2800 A a t  constant current  and pressure i s  given i n  Table I. The da ta  

are for a side-on 1 5  atm. 50 amp a r c  when the  t a r g e t  area (.013" x .023") i s  

centered between t h e  cons t r i c t ing  p l a t e s  and adjusted f o r  t h e  maximum measured 

r ad ia t ion  s igna l  along the  x-axis (Fig. 11). 

TABU I -- 
Arc Half-Width 

(m) 

1.55 
1.66 
1.72 
1.75 
1.77 
1 .%O 

Relat ive Spec t ra l  
Radiance 

1.000 
954. 

.908 

.885 

.870 

.%A7 

An implicat ion is  that such a re la t ionship  may be used t o  normalize t h e  

behavior of o ther  a r c s  being used i n  the f i e ld .  The procedure would be 

t o  apply a cor rec t ion  f a c t o r  determined from the  ac tua l  a r c  half-width t o  

t he  base value f o r  fixed spec i f ica t ion  of pressure and current .  

The necess i ty  of such a cor re la t ion  was emphasized by t h e  performance 

of a second arc-source from randomly selected pa r t s .  The u n i t  was t e s t ed  

under i d e n t i c a l  conditions specif ied f o r  the o r i g i n a l  u n i t  including thc  

o r i g i n a l  window. Even though a l l  of t h e  ex terna l ly  control led operating 

parameters were ve r i f i ed  as being exactly the  same, t h e  measurement o f  spec- 

t ral  radiance was la higher than t h a t  of t h e  first uni t .  It i s  f e l t  t h a t  

f o r  these  reasons that no arc-type assembly of t h i s  design could be b u i l t  

and operated according t o  spec i f ica t ion  t o  b e t t e r  than about l& without. 

recourse t o  t h e  above mentioned normalization technique. 
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Generic Behavior of t he  ArcSource 

When the  da t a  f o r  three geometrically similar a r c s  a r e  compared f o r  t he  

same operating cur ren t  and pressure a fee l ing  as t o  t h e  c l a s s  behavior of 

such a r c  sources i s  obtained, I n  t h i s  case, t he  prototype and two of the  

portable  a r c s  were compared a t  50 ampere currents  and 15 atmos. pressure 

(Fig,  7) .  

*13% of t h e  mean. 

The range i n  spec t r a l  radiance f o r  these  three arc-sources w a s  

The associated range i n  radiance temperature i s  *1 1/4%. 

The range i n  t h e  observed performance may be considered as c h a r a c t e r i s t i c  

of uncal ibrated sources of t h i s  design when the  current ,  pressure and flow 

a r e  maintained a t  prescribed values. The only geometrical r e s t r i c t i o n  i s  

t h a t  t he  a r c  cons t r ic t ion  p l a t e s  have hole diameters and separat ions of .125" 

and .0701' respect ively.  Unfortunately, the half-widths of t h e  prototype 

were not  measured and the  normalization technique mentioned above could not 

be t e s t ed .  

The Dependence of Spec t ra l  Radiance Upon Arc Current and Pressure 

The magnitude o f  arc-source spec t r a l  radiance depends upon t h e  ac tua l  

wavelength, t h e  operating current  and pressure, and t o  some extent  the  flow 

rates used. For a given a r c  assembly the  f low r a t e s  i n  terms o f  e x i t  gas 

flow a r e  f ixed.  The dependence upon current and pressure i s  given i n  

Table 2 and i n  Fig.  A-14 i n  t h e  appendix. 

TABLE 2 

Wavelength dN/dp# 

(microns ) 50 AIUQ 75 AmQ 
0.21 913 1750 

25 3600 6340 
3 1  4950 9550 
4229 5310 9330 

9 53 4040 7210 
56 3980 6770 

-6546 2710 47 20 

-2 -1 -1 -1 
*dN/dP has u n i t s  of w a t t  cm cm s t e r  p s i  . 
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The result i s  that f o r  t h e  50 amp 300 ps i a  a r c s ,  a 3 p s i  (1%) pressure 

change r e f l e c t s  as a 0.6% change i n  spec t r a l  radiance a t  2500 A. The pres- 

sure regula t ing  system maintains t h e  set point t o  within *1/2 p s i  which, i f  

l e f t  unadjusted, cont r ibu tes  a *O.l% uncertainty i n  spectral-radiance.  

The s e n s i t i v i t y  of t h e  spec t r a l  radiance t o  small changes i n  cur ren t  

The depen- a t  constant wavelength i s  shown i n  Fig. A-13 i n  t h e  appendix. 

dence i s  near ly  linear over the  range and amounts t o  3.2% per ampere. 

Since t h e  cur ren t  i s  control led t o  .05 ampere, t he  uncertainty i n  spec t r a l  

radiance due t o  current  d r i f t  i s  about 0.2% when l e f t  unattended. 

f o r  t h e  ind iv idua l  measurements are taken only when the  current  and pressure 

values are a t  t h e  set point.  

Further  Charac t e r i s t i c s  of t h e  Arc: 

Data 

Radial Temperature P ro f i l e s  and 

Electron Density. 

Side-on measurement of t h e  energy emitted from such arc-type sources 

involves the individual  contr ibut ion of a l l  r ad ia t ing  atoms i n  t h e  o p t i c a l  

path.  The r a d i a l  cha rac t e r i s t i c s  of t he  a r c  (plasma) may be obtained from 

t h e  side-on da ta  using various ana ly t i ca l  techniques [ 4 ] .  The transforma- 

t i o n  from side-on da ta  t o  the  r a d i a l  information i s  known a s  the  Abel 

i n t e g r a l  equation. 

f o r  most of t h e  measurements. 

I n  these  experiments, an analog computer [5] was used 

A check was made of the analog results through 

use of a d i g i t a l  recording scheme [6] 

of t h e  da ta .  

Electron dens i ty  and temperature 

prototype arc-source and the  portable  

t h e  a r c  cons t r i c t ing  p l a t e s  have 1/8" 

with subsequent computer computation 

p ro f i l e s  have been made on both the  

model. I n  a l l  cases t o  be mentioned, 

diameter holes. The current  and 

pressure condi t ions are as recorded on the  curves. The temperatures measured 

were based on l i n e  i n t e n s i t y  measurements as determined from the  corrected 
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area under t h e  l i nes .  

standard strip-lamp reference source. Generally, a r ea  measurements extended 

t o  about 7 l i n e  half-widths e i t h e r  s ide  of t h e  l i n e  center .  The ca lcu la t ions  

are based upon t h e  method described by Drell ishak, Knopp and Cambel [ 7 ]  

which were incorporated i n t o  t a b l e s  of reference da ta  (extended t o  100 Atm) 

by Shumaker [6]. 

various argon l i n e s  t o  t h e  system pressure and temperature. 

f o r  severa l  cur ren ts  and pressures  a r e  given i n  f igu res  [2,3] and i n  

The system was ca l ibra ted  through t h e  use of a 

The t a b l e s  relate the  p a r t i c l e  and e lec t ron  dens i ty  f o r  

The results 

Table 3 .  

0 - 
P a r t i c l e  

Electron 

Density 2.71id3 

Density 2. 5fi0l7 

Temp(OK) 11,750 

4-94 H a l f  Width 
( A )  

75 Amp. 

13 
P a r t i c l e  

Density 2.8xlO 

Temp(OR) 11,950 

TABLE 3 

15 Atmos., 4300A A I ,  Analog Abel 

Radius ( cm) 

.0516 9 0693 -- 0924 

2.51 2-11, 1.92 

2.4 2.2 2.0 

11700 11550 11450 

4- 35 4.20 3.94 

15 Atmos., 4300A A I ,  Analog Abel 

2.77 2.68 2.50 

11 3 900 11 , 875 11,750 

.115 - 

1-55 

1.75 

11250 

3.53 

2.25 

11,600 

Tnere i s  subs t an t i a l  agreement i n  the e lec t ron  dens i ty  measurements 

f o r  e i t h e r  d i g i t a l  o r  analog computation from the  a r c  center  out  t o  about 

0-6 mm beyond which t h e  d i g i t a l  computation gives cons is tan t ly  lower e lec t ron  

d e n s i t i e s .  

not  only i n  t h e  results between the  two Abel methods used, but a l s o  between 

t h e  l i n e  half-width and t h e  e lec t ron  density. 

Additionally,  fo r  r a d i i  g rea te r  than about .6 mm, t he re  i s  d i s p a r i t y  

The n e t  effect is t h a t  t he  
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temperatures i n  t h e  outer  zones of t h e  a r c  remain t o o  high. 

has been observed by o thers  as w e l l * ,  and as ye t  no explanation has been 

found . 

This anomaly 

An approximation f o r  t h e  s p e c t r a l  emissivi ty  of t h e  heated argon i n  t h e  

a r c  can be made by assuming an average temperature of 11,500 OK (Fig.  4) over 

t h e  t a r g e t  area of t he  measured r ad ia t ion  f o r  t h e  50 amp, 20 atmosphere a rc .  

The r a t i o  of t h e  spec t r a l  radiance of t h e  arc  (Fig. 6) a t  2800 A and 4200 A 

t o  that of a 11,500 OK blackbody i s  .002 and .005 respec t ive ly  and the  a r c  

can be considered o p t i c a l l y  th in .  

Resul ts  -- 
The information discussed so far  has been f o r  t h e  purpose of  descr ibing 

t h e  geometric character  of such arc-sources i n  r e l a t i o n  t o  t he  spec t r a l  

radiance. 

with gaseous sources i n  depth than w i t h  so l id s  pr imari ly  due t o  t h e  s i g n i f i -  

can t ly  l a r g e r  temperature gradients .  However, once the  t a r g e t  area locatioii  

has been defined, t he  reproducib i l i ty  i n  spec t r a l  radiance makes the  appl i -  

ca t ion  of such a source a t t r a c t i v e .  

A s  pointed out,  t he  measurement of rad ian t  energy i s  more c r i t i c a l  

A ca l ib ra t ion  of such a source involves the  spec i f ica t ion  of the spec t r a l  

radiance i n  a p a r t i c u l a r  zone i n  t h e  a r c  when the  current ,  pressure,  and f low 

i s  f ixed.  

of these  values.  

r e l a t e  a l l  of t h e  var iab les  t o  spec t r a l  radiance, and therefore  ca l ib ra t ion  

The ca l ib ra t ion  may be repeated i n  the  f i e l d  by reproducing a l l  

As yet ,  no mathematical r e l a t ionsh ip  has been derived t o  

curves published by N.B.S. f o r  s p e c i f i c  operating conditions should be used. 

A t y p i c a l  ca l ib ra t ion  curve i s  given in Fig. 5. 

The r ep roduc ib i l i t y  i n  spec t r a l  radiance f o r  t h e  prototype a rc  has been 

determined from 2200 A t o  7000 A f i g .  6 ,  and averages t o  about 2.5% (standard 

*Private  communication J. C .  Morris, AVCO Corp., Wilmington, Mass. 
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deviat ion)  over t h i s  range. 

defined as t h e  standard deviat ion of t h e  measurements o f  the  r a t i o  of t he  

spec t r a l  radiance of t h e  arc-source t o  t ha t  of t he  strip-lamp reference 

source. The portable  a r c  has not  been tes ted  over as wide a range, but 

shows a r ep roduc ib i l i t y  of 2 . a  i n  the  range of 2200 A t o  3000 A. 

p roduc ib i l i t y  may be somewhat b e t t e r  than this  as a standard deviat ion of 

1% was observed f o r  a set 13 measurements a t  a s ing le  wavelength (2800 A )  

during which t h e  o p t i c a l  alignment and arc  p l a t e  spacing was not  dis turbed.  

Reproducibil i ty as used i n  t h i s  repor t  i s  

The re- 

The generic behavior of a r c s  of t h i s  design i s  shown i n  Fig. 7 where 

both t h e  prototype and portable  a r c  cha rac t e r i s t i c s  a r e  p lo t ted .  

the  second assembly of t h e  portable  a r c  was measured a t  2800 A only. 

da ta  f o r  t h e  s ing le  measurement o f  t h e  #2 assembly of t he  portable  a rc  i s  

ignored, then a da ta  spread of *6% could be expected i n  the  s p e c t r a l  rad- 

iance i n  t h e  performance of  two similar a r c s  operated a t  the  same curren t  

and pressure.  

flow rates nor the  p l a t e  spacing were exactly the  same. If the  deviat ion 

of t h e  #2 assembly i s  considered t o  be cha rac t e r i s t i c  over the  wavelength 

range given, then the  limits must be widened t o  *12% t o  include a l l  the  datz.  

Unfortunately, t h e  a r c  half-widths had n o t  been measured f o r  t h e  p-ototype, 

and t h e  normalization technique could n o t  be t e s t ed .  Additionally,  t h e  

generic  comparison i s  based on a r a the r  long term bas is  (months), and any 

change i n  t h e  strip-lamp radiance would be r e f l ec t ed  i n  the  comparison da ta .  

Since t h e  da ta  f o r  t h e  prototype f e l l  cons is tan t ly  below t h a t  of the  newer 

design t h e  a r c  half-width was probably wider r e su l t i ng  i n  a lower average 

power densi ty .  

Data f o r  

I f  the  

The comparison i s  not  rigorous however, i n  t h a t  ne i the r  t h e  
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Spect ra l  Radiance: The End-On Arc 

The end-on a r c  is 21 times as long as the  half-width of t he  sidv-on ~ I Y *  

and t h e  increase i n  s p e c t r a l  radiance i s  a f a c t o r  of 29 for the  same current 

and pressure.  

a t  high s p e c t r a l  radiance values (radiance temperatures t o  7500 K )  o r  a t  

The increase i s  r a t h e r  subs t an t i a l  and permits use of t he  a r c  

reduced power f o r  t he  same s p e c t r a l  radiance. A 5 atmos. a r c  operated a t  

30 amp produces a radiance temperature i n  the  u l t r a v i o l e t  of approximately 

6000 OK which i s  about t he  same as that of t h e  sun. This a r c  was evaluated 

i n  t h e  u l t r a v i o l e t  range of 2200 A t o  3100 A from a r ep roduc ib i l i t y  point  

o f  view by comparison t o  t h e  strip-lamp mentioned above and the  results a r e  

presented i n  Table 4. 
TABU 4 

Wavelength Spec t ra l  Radiance Standard Deviation 
(microns ) ( w a t t  cm-2cm-lster. ) (%> 

5 08 
23 6.33 5 -4 

92.4 7.99 3.3 
25 8.61 3.7 

.26 8.67 2.2 
27 8.99 2.2 
28 9.39 2.1 
29 9.73 2.5 
30 10.1 2.2 
31 10.9 2.4 

6 
0.22 4.75 x 10 

- 
Average..... . 3.2 

I n  t h e  range from 2600 A t o  3100 A, t h e  reproducib i l i ty  i s  about t he  

same as f o r  t he  side-on a rc  but i s  s ign i f i can t ly  worse for t h e  shor te r  wave- 

lengths .  

down between each run. 

The da ta  i s  calculated from three ind iv idua l  runs with system shut 

Conclusion 

The r e s u l t s  show t h a t  arc-sources of t h e  type described, when operated 

according t o  a p a r t i c u l a r  format f o r  the control led var iab les  mentioned, may 
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be used as sources of u l t r a v i o l e t  spec t r a l  radiance where reproducib i l i ty  i n  

t h e  order o f  3% i s  acceptable. Available radiance temperaturcs range from 

5000 OK t o  7500 OK depending upon t h e  pressure, current  and mode of  obser- 

vation. 

a r c  i s  given i n  Fig. 8. 

Comparison da ta  f o r  t h e  range of spec t r a l  radiance exhibited by the  

I n  a l l  appl ica t ions  of such a source where the  s p e c t r a l  radiance i s  

t o  be e i t h e r  measured o r  used t h e  values are va l id  f o r  s p e c i f i c  t a r g e t  a reas  

and f o r  s p e c i f i c  so l id  angles associated with such an area.  

Strong continuum rad ia t ion  from such a r c s  extends throughout t he  

spectrum from 2000 A t o  8000 A. 

g r ea t e r  than that of t he  carbon a rc  (3800 OK) a t  wavelengths grea te r  than 

about, 4000 A f o r  side-on arcs .  This  limit i s  moved f u r t h e r  t.o the  red when 

the  a r c  i s  used end-on. The r e l a t i v e  spec t ra l  radiance increase,  i s  about, 

a fac tor '  o f  30 f o r  the  5 atmosphere 50 ampere a rc .  

The spec t ra l  radiance i s  not  s i g n i f i c a n t l y  

With t h e  exception of t h e  2478 carbon l i n e  the  r ad ia t ion  from 2000 A 

t o  3350 A appears t o  be a continuum. 

m a l  decomposition of organic mater ia l  from the  e l e c t r i c a l  i n su la t ing  gaskets 

and t h e  p l a s t i c  lines used f o r  gas connections. 

i s  observed i n  the  4000 A t o  4.400 A range and the  l i n e s  observed a re  shown 

i n  Fig.  A-12. 

are ind ica t ive  of t h e  r i s i n g  continuum with pressure.  

The carbon l i n e  i s  probably due t o  ther -  

Considerable l i n e  spectrum 

The r e s u l t s  for scans a t  three  pressures  a r e  superimposed a;id 

The 30 amp, 5 atmosphere end-on a rc  appears promising but lacks  repro- 

Otherwjse, d u c i b i l i t y  a t  t he  shor te r  wavelength end o f  t he  region studied. 

t h i s  a r c  exh ib i t s  good s t a b i l i t y  and reproducib i l i ty  i n  addi t ion  t o  high 

s p e c t r a l  radiance (6000 OK). 

Spec t r a l  radiance da ta  col lected on a r c s  o f  t h i s  design ind ica tes  t h a t  

i f  a s i m i l a r  a r c  were constructed i n  any machine shop i n  t he  f i e l d  and 
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operated according t o  t h e  format l a i d  out above, that the r e s u l t a n t  s p e c t r a l  

radiance would not be c loser  than about a 10% deviat ion from t h e  nominal 

value. I f  however, a correct ion f a c t o r  i s  used which i s  based upon t h e  

observed half-width of the  f i e l d  u n i t  and an empir ical ly  determined equation 

obtained a t  NBS, it i s  probable t h a t  t he  uncertainty i n  s p e c t r a l  radiance 

could be reduced. 

Cos t  Analysis 

During the  year, two arc-sources and a number of spare p a r t s  were 

manufactured i n  the  Bureau shops. 

$8,000., and the  cos t  per  u n i t  i s  estimated a t  0.32 man-years o r  about $2,900. 

Additional equipment for a complete system involves,  for the  most p a r t ,  power 

supply components, regulators ,  valves  flow meters, and a precis ion pressure 

gage a n d r a i s e e t h e  t o t a l  cos t  t o  about $5,300. 

ab le  power supply i s  already ava i lab le  (3OOV, 3OA, .& r ipp le  and .2% s t a b i l i t y )  

about $1,500 may be deducted from the  t o t a l .  

The t o t a l  cos t  f o r  about 2 1/2 units was 

I n  l abora to r i e s  where a s u i t -  

Some i nqu i r i e s  have been made 

r e l a t i v e  t o  a commercially ava i lab le  parer supply and no u n i t  appears t o  be 

ava i l ab le  which has a l l  of  t he  necessary requirements. 

produces an a l l  so l id  s t a t e  u n i t  which might be appl icable ,  but would s t i l l  

have t o  be modified t o  regulate  f o r  constant current .  The cos t  of t he  com- 

mercial  u n i t  is  about $5,500. 

i a t i o n  source,  a complete set o f  working drawings can be made ava i lab le .  
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A significant aid to the analysis of the temperature profiles was a 

set of tables computed by Dr. Shumaker which relate the argon plasma comp- 

osition to the temperature and pressure over the range of 5000 OK to 20,OOU OK 

and 1.0 atmosphere to 100 atmospheres respectively. 

- .-. 
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Typical Characteristics for a 
15 atm,50 amp,Side-on arc 
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Fig.7 

Generic Behavior o f  the Arc-Source 
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Fig.8 
Comparison Data for the 
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A-2 

High Pressure Arc, 2nd and 3rd Constr ic t ion Flange 

High Pressure Arc, 1st and 4 t h  Constr ic t ion Flange 

High Pressure Arc, Anode 

High Pressure Arc, Cathode (Side-On) 

High Pressure Arc, S p l i t  Cathode (Endan)  

I n s e r t s  f o r  t he  Constr ic t ion Flanges 

I n s e r t s  f o r  t he  Constr ic t ion Flanges 

Power Supply Schematic 

Opt ica l  Schematic f o r  t he  Measurements 

Upper: Ver t i ca l  P r o f i l e ,  Lower: Horizontal  P r o f i l e  

Schematic Diagram f o r  t h e  Modes of Operation 

Typical Line Spectrum f o r  Three Pressures  

Spgc t r a l  Radiance-Current Relat ionship f o r  t he  End-on Arc 

The Rate of Change of Spec t ra l  Radiance with Arc Pressure 

a t  Constant Wavelength 

Charac t e r i s t i c s  of Auxiliary Equipment 

Spec i f ica t ion  f o r  Flow Control 
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F i g .  A-6 
Inserts f o r  t h e  Cons t r i c t ion  F langes  
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Fig.A-8 Power Supply Schematic 
P, Potent iometer  RK, Balance, 7- /L C 1 ,  Capacitor, 120nf 
R1 ,  Ballast, 0 - 5 n  IC, Current Control 
R2, Control  Shunt 0.2& A, Control Amp. 
R3, Current Shunt B, 3b, Full Wave Bridge 

300 A IUX. 

T1, I s o l a t i o n  Trans, 30 KVA 
ERE', E l ec t ron ic  Ripple F i l t e r  
RL, Equivalent  Arc Resis tance,  

2 . 2 4 ~ a t  30 Amp. 
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Fig. A-12 

I Typical Line Spectrum for Three 
Pressures 
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TABLE A-1 

Element Characteristic 

1. Power supply 30 t o  75 amp, 300 V, constant  cur ren t  (*30 m a ) ,  
0.2% r i p p l e  

2. Cooling water, 50 psig,  7 gal/min max 

3. Argon flow 

4. Argon pressure  

5. Arc mount 

Flow meters - cathode 70-9000 ml/min, anode 
3-270 ml/min, intermediate  (2)  7-1400 ml/min, 
needle valve adjustment, manual flow ccnt ro l .  

Controlled *1/4 p s i  t o  300 p s i ,  measured with 
prec is ion  pressure gage *.1% accuracy. 

Mechanically s t a b l e  f o r  weight of 30 pounds, 
provision f o r  x, y, and z t r ans l a t ions .  Ro- 
t a t i o n s  about t h e  x and y axes are  required.  

TABLE A-2 

- Zone F ~ O W  (nominal, d /min )  -_ Control - S e n s i t i v i t y  

Cathode 7500 m a n u a l  o r  regulated 3 
1st and 2nd 
Cons t r ic t ion  100 manual (needle valve) 25 
3rd and 4th 

25 Cons t r i c t  i on  100 

10 Anode 400 

11 It 11 

11 11 11 

The flow r a t i o s  are t h e  exhaust gas  flows measured on t h e  low pressure s ide  

of t h e  flow ad jus t ing  needle valves. The d a t a  is f o r  t h e  side-on a rc .  

*Sens iv i ty  i s  t h e  percent  f l o w  change required f o r  a 1% change i n  the  
measured s p e c t r a l  radiance. 
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INTRODUCTION 

During t h e  pas t  year, H. J. Kostkowski, D. E.  Erminy, and A .  T. Hattenburg 

of NBS reported t h e  capab i l i t y  o f  determining s p e c t r a l  radiance o f  tungsten 

s t r i p  lamps wi th  an uncer ta in ty  o f  less than 1%. I n  t h e  l e c t u r e  t h i s  

morning I would l i k e  t o  t e l l  you about t h i s  work, p a r t i c u l a r l y  those aspec ts  

t h a t  might be genera l ly  use fu l  i n  radiometry. 

The approach that w a s  used in the spec t r a l  radiance determination was 

the  c l a s s i c a l  method of  comparing t h e  source t o  a blackbody. 

was undertaken because it i s  t h e  bas i s  of  r ad ia t ion  pyrometry where, a t  

l e a s t  a t  one wavelength and relative t o  the In t e rna t iona l  P r a c t i c a l  Tempera- 

ture Scale ,  considerable success had been achieved, and we were q u i t e  familiar 

wi th  the  techniques r ecen t ly  developed i n  t h i s  area. 

This  method 

It i s  genera l ly  accepted that the  spec t ra l  radiance of a blackbody i s  

given by t h e  Planck r ad ia t ion  equation 

Experimental v e r i f i c a t i o n  of t h i s  equation has probably not  been accomplisiied 

t o  b e t t e r  than about 5%. Nevertheless, because of  i t s  s t rong t h e o r e t i c a l  

bas i s ,  w e  w i l l  a l s o  assume that t h e  above r e l a t i o n  i s  exact.  Therefore a 

s p e c t r a l  comparison o f  a source wi th  a blackbody w i l l  result i n  t h e  deter-  

mination o f  t he  s p e c t r a l  radiance of the source wi th  an accuracy which 

depends on t h e  accuracy of C1, 

t h e  accuracy of t h e  comparison. 

1% o r  less, i n  the  v i s i b l e .  

of e r r o r  i n  terms of s p e c t r a l  radiance t o  about 0.1%. 

the  above constants  are known and how well  the  a t h e r  parameters w o u l d  havt- 

t o  be determined t o  achieve our goal. 

1, T, t h e  q u a l i t y  of t h e  blackbody, and 

O u r  i n i t i a l  goal  was a t o t a l  uncer ta in ty  c ) f  

c2’ 

Therefore,  w e  t r i e d  t o  keep ind iv idua l  sources 

L e t  us check how w e l l  
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REQUIREWXTS 

Accuracy of C, .  The first r ad ia t ion  constant C 1  i s  r e l a t e d  t o  the  atomic 

constants  c and h i n  t h e  following manner 

C1 = 2C2h 

The Gommittee on Fundamental Constants o f  the Nat ional  Academy of Science, 

National Research Council recommends the  following value 

C1 = 1.19096 watts cm2 sterad-’ 

The Committee estimates an uncer ta in ty  i n  C1 i n  terms o f  two standard devia- 

t i o n s  o r  a 95% confidence f a c t o r  of .0054%. 

about 20 times b e t t e r  than our .l% objective.  

Thus C i s  reported t o  be knom 1 

Accuracy of  C,. The second r ad ia t ion  constant C i s  r e l a t ed  t o  the  atomic 

constants  by the  r e l a t i o n  

c- 2 

hc c = -  
2 k  

and t h e  above Committee recommends a value o f  C 

an unce r t a in ty  i n  terms of two standard deviat ions of .0083%. 

= 1.43879 cm degrees w i t h  2 
This  corresponds 

t o  an e r r o r  of .089% f o r  t h e  s p e c t r a l  radiance i n  Eq.  (1) a t  a wavelength of 

5500 A and a temperature of 2500OK. 

f o r  our  0.1% c r i t e r ion .  

Thus C i s  a l s o  known s u f f i c i e n t l y  well  2 

Wavelength accuracy. 

body t o  a s t r i p  lamp can easi ly  be obtained from Eq. (2)  which i s  used in  

The wavelength accuracy required in  comparing a black- 

o p t i c a l  pyrometry when r e l a t i n g  t h e  br ightness  temperature T1 a t  one wave- 

l eng th  1 t o  t he  br ightness  temperature T2 a t  another wavelength X and t i 7  
1 2 

t h e  c o l o r  temperature Tc ,  
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Using Wien's Equatioh f o r  an approximation t o  Planck 's  Equation i.e. 

dropping the  -1 i n  Eq. (1) and d i f f e r e n t i a t i n g  Wien's Equation wi th  respec t  

t o  T one obta ins  

Combining t h i s  wi th  Eq. ( 2 ) ,  we have 

N 

Assuming &! = .001, T1 = 2500 OK, ?, = 6500A and obtaining Tc = 28600K from 

t h e  Handbook of Physics and Chemistry, one obta ins  AX = 6 Angstroms. This 

then i s  the  maximum uncer ta in ty  permitted i n  the  wavelengt,h ca l ib ra t ion  o f  

N 
hr 

t h e  monochromator t o  be used i n  comparing t h e  blackbody t o  the  s t r i p  lamp. 

Accuracy of Blackbody Temperature. 

erature o f  t he  blackbody can be obtained from Eq. (3) .  

?, = 5500 A ,  &! = .001 and T = 25000K r e s u l t s  i n  AT = .24 deg. 

The uncer ta in ty  permitted f o r  t he  temp- 

Solving f o r  AT f o r  

N 

Blackbody Quality. 

and have an emiss iv i ty  of  a t  l e a s t  0.999. 

s i b l e  temperature non-uniformity can be obtained as follows. 

t h e  emiss iv i ty  of  t he  cav i ty  material i s  0.9 (reasonable value f o r  graphi te  

The blackbody must f o r  ou r  c r i t e r i o n  of  9.1% be s t a b l ?  

A rough estimate of t he  permis- 

Assume that, 

which w i l l  be used) and the  walls of  the cav i ty  have e i t h e r  a temperature 

T o r  T - AT, each i r r a d i a t i n g  t h e  wall target area equally.  

i l lus t ra tes  t h i s .  

The f i g u r e  be l \w  

w a l l  t a r g e t  

area 
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and using Eq. ( 3 )  

- - .  9 5  &.. 

Accuracy of Comparison. The accuracy of the comparison of N t o  N must be 
bX 1 

-999% and N should not  d r i f t  by more than 0.1% i n  10 hours. x 
These then are t h e  general  requirements. I ' d  l i k e  now t o  d iscuss  t h e  

design and techniques u t i l i z e d  in rea l i z ing  t h e  above requirements and t h e  

r e s u l t s  obtained. 

THE BLACKBODY 

The blackbody used is  shown i n  F ig .  1. It was fabr ica ted  of L;raphit(e 

because 

1. I t  could be used t o  about. 3000OK and could be used without, a i  

extremely pure iner t  atmosphere. 

t o  use without a window by simply f lushing t h e  housing with an i n e r t  gas. 

The la t te r  statement a l s o  made it  poss ib le  

Not having t o  make a cor rec t ion  f o r  t h e  window would improve the  accuracy. 

2. I t s  emissivity was a l ready  high and it could be e a s i l y  machined and 

handled. 

The following block diagram shows the  cont ro l  system used. With t h i s  

system it has been possible  t o  l i m i t  the i n s t a b i l i t y  and d r i f t  t o  about 0.1% 

over a 30 t o  45 minute period. 

t h e  blackbody temperature, make a comparison at.some wavelength and again check 

This  i s  s u f f i c i e n t  time i n  which t o  determine 

t h e  temperature.  
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"1 
Limiting the  temperature non-uniformity t o  about 5 deg was achieved by 

modifying t h e  shape of  t h e  graphi te  tube u n t i l  when s igh t ing  with an o p t i c a l  

pyrometer (a v i s u a l  instrument was just  adequate) a t  t he  cav i ty  hole  an t h e  

s ide  o r  a t  t h e  var ious holes  from above, no temperature d i f fe rences  l a r g e r  

than 5 deg were observed. When looking from the  top  a t  t he  var ious holes 

along the  axis of t he  tube, it was possible t o  g e t  those ,  one sec t ion  remwei? 

from the  main cavi ty ,  t o  have t h e  same brightness  i .e.  t c l  disappear.  This 

corresponds t o  about 5 deg. a t  2500 OK. 

The emiss iv i ty  of  t he  blackbody cavi ty  depends on the geometry and 

dimensions of t h e  cav i ty  and on the p a r t i a l  r e f l e c t i v i t y  o f  t h e  mater ia l ,  

p a r t i c u l a r l y  t h e  w a l l  opposite the  cavi ty  s igh t ing  hole.  

imation, which i s  usually q u i t e  good i n  high q u a l i t y  c a v i t i e s ,  

To a f i r s t  approx- 

= \ -  rfi (51 

where r i s  the  p a r t i a l  r e f l e c t i v i t y  a n d n i s  t h e  s o l i d  angle o r ig ina t ing  a t  

t h e  w a l l  t a r g e t  and subtended by t he  cavi ty  opening, Fig.  a. The p a r t i a l  
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Fig.  a. Fig.  b. 

r e f l e c t i v i t y  of t h e  w a l l  t a r g e t ,  relative t o  an inc ident  and r e f l ec t ed  angle  

8 with  respec t  t o  the  cavity hole,  was made small by having the  wall shaped 

l i k e  a course thread, Fig.  b. Laboratory measurements a t  room temperature 

which could e a s i l y  be performed wi th  a visual pyrometer, indicated a p a r t i a l  

r e f l e c t i v i t y  o f  r = .02 sterad-'. 

r = .02 s t e rad  , t he  required L,? i s  ,033 sterad.  Thus, s inze  the  depth sf 

N 

Using Eq. (5 )  with an E = .933 and 

-1 

t h e  cav i ty  i s  about 10 mm , using 

A2 = aa'/.,00)2 
d l  2 m m  

This  i s  t h e  cav i ty  hole  diameter usua l ly  used. 

It would be des i r ab le  t o  confirm the  emiss iv i ty  cf .999 through a mzre 

d i r e c t  measurement. We thought of  a way t o  do t h i s .  It ccnsist .s  L>f making 

changes i n  ~2 and r and determining the r e l a t i v e  change of spec t r a l  radiaiicr 

a t  two widely spaced wavelengths say 3250 A and 6500 A .  A convenitnt cqua- 

t i o n  t o  use i n  pred ic t ing  the  change i s  
. I  

Eq. ( 6 )  was derived assuming Wien's Equation i s  va l id  and expresses the 

r a t i o  of s p e c t r a l  radiance of  smrce 2 t o  t h a t  f.f snurce 1 a t  a wavelength 

X' when t h e  twc, sources are adjusted t c  have the  same spec t r a l  radiance at 

wavelength 1. The E ' S  and T ' S  a re  the s p e c t r a l  emis s iv i t i e s  of the s;7ul'i'e 
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and s p e c t r a l  t ransmit tances  of any window respec t ive ly .  Since no windows 

are p 

NGW i 

:sent  and i f  we assume that t h e  sources are gray bodies Eq. 6 becomes 

r = .02 sterad-' and w e  change t h e  cav i ty  hole  diameter from 2 mm t o  

4 mm, thereby increas ing  r2 by a f a c t o r  of  4 ,  Eq. 5 shows that E changes from 

.999 t o  .996. This  would mean a t  3250 A using Eq. 7 

= [ a  003 
p 

3 2 5 0  s 

of the  gray body would increase by 0.3%. However i f  r = 2.1 stera6-I. 
3250 

and N 

E would change from .995 t o  -98 and the  change a t  3250 A would be 1.5%. Thus 

by not ing  t h e  change, me  can check the  room temperature determination of 

t h e  p a r t i a l  r e f l e c t i v i t y .  I n  t h e  a c t u a l  experiment one uses  tungsten s t r i p  

lamps as a t r a n s f e r  source a t  each wavelength. This  experiment was performed 

and wi th in  the  t o t a l  p rec is ion  ava i lab le  ( -.3%) t h e  p a r t i a l  r e f l e c t i v i t y  was 

confirmed t o  be 0.02 k.02 s teradians- l .  An r = .04 sterad-' represents  an 

emissivity with a 2 mm diameter hole of .9987. 

There i s  one o the r  t h ing  t h a t  w e  have thought of  that could e f f e c t  t he  

q u a l i t y  of our graphi te  blackbody. The r ad ia t ion  leaving the  cavi ty  hole 

could be p a r t i a l l y  absorbed by gases i n  the v i c i n i t y  of t he  hole  arid a t  a 

lower temperature than the  cavi ty .  

C2 and C 

and it w a s  determined from t h e  l i t e ra ture  t h a t  t he  concentration of C and C? 

would be a f a c t o r  of 10 g rea t e r  than C2 a t  2500 OK and t h a t  o ther  specips  

such as C and C would be negl ig ib le .  For C we could e a s i l y  determine t,he 

The major gases  of concern would be C ,  

Other molecules should not be present  due t o  t h e  argon atmosphere, 3' 

4 

L 5 
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presence of the  sCvrong 2478 A l i n e  by scanning i n  wavelength with a narrow 

s l i t .  This w a s  done and we saw nothing, probably p a r t  o f  t h e  reason i s  

that the  lower s t a t e  o f  t h i s  t r a n s i t i o n  i s  about 21648 cm-' above the 

ground s t a t e  thereby not  being highly populated a t  a temperature below 2500 OK. 

Inc identa l ly ,  we saw no spec t r a l  l i n e s  o r  bands of l i n e s  due t o  C N ,  C o r  

other  molecules. The resonance l i n e s  of sodium a t  5890, 5896 A and o f  potas- 

sium a t  7665 A were weakly v i s i b l e  and t h e  blackbody should not be used near 

these l i n e s .  

2 

They a r e  probably a result of impur i t ies  in the graphite.  

L i t t l e  i s  known about C spectra  o r  i t s  energy l e v e l s  and, unfortunately,  3 
there  i s  a broad, l a rge ly  continuous band i n  t h e  neighborhood of  4001, A tlmt 

has been a t t r i b u t e d  t o  C Such a band especial ly  i f  it were present t o  t i l L  

ex ten t  of 1 or 2$ i n  absorption would not be e a s i l y  detected.  

3' 
After some 

thought, t he  following sens i t i ve  technique was evolved f o r  determining the  

possible  presence o f  t he  band. 

The r e l a t i v e  emissivi ty  o f  a tungsten ribbon, a t  l e a s t  over a few hun- 

dred angstroms, appears t o  be wel l  known. For example, the r e l a t i v e  emis- 

s i v i t y  between 4,300 A and 4000 A a re  the same within about .2% whether 

calculated from DeVos' o r  Larrabee's values. Therefore, i f  a s t r i p  lamp has 

the  same s p e c t r a l  radiance a t  4300 A as a blackbody, the r a t i o  a t  4333 A 

from Eq. 6 i s  

N 4 o o o  - c (Lo Y 3 0 0  ," ( 8 )  

bb 

- L a c 4  &oo 

and can be calculated t o  about .2%. 

r a t i o  w a s  a l s o  determined, experimentally. The agreement was well  within 

the  t o t a l  calculated and experimental e r r o r  (-.3%). 

t h a t  C 3  absorption at. 4OOO A i s  a s ign i f i can t  fact ; l r  i n  e f f ec t inc  the 

This ca lcu la t ion  was performed and th:. 

Thus i t  i s  unl ikely 
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blackbody quality. 

This technique can also be used to determine how close to the impurity 

spectral lines one can use the blackbody. 

A s  a result of the various calculations and experimental measurements 

described, it is believed that the graphite high temperature blackbody sat- 

isfied our initial requirements. 

BLACKBODY TEMPERATURE MEASUREMENT 

The uncertainty of visual optical pyrometer calibrations at 2500 OK are 

at best about 5 deg relative to the International Practical Temperature Scale 

(IPTS) . Recently, the accuracy of realizing the IPTS has been si@ficaiit.ly 

improved at NBS using a specially designed photoelectric pyrometer. 

pyrometer has been calibrated on the IPTS at 2500 O K  with an uncertainty 

(95% confidence) of about 1.0 deg. 

Temperature Scale (TKTS) the total resulting uncertainty (95% confidence) is ’ 

This 

In correcting to the Thermodynamic Kelvi:: 

about 2.4 deg. However, this additional uncertainty is expected to be vir- 

tually eliminated in a few years because of a significan5ly more accurate 

(-.05 degrees) determination at NBS of the freezing temperature of gold \-n 

the TKTS. 

ment on the IPTS and TKTS at 2500 O K  is about 4 and 10 times our criterion, 

but there are high expectations of the correction to t,hr TKTS introduci:;g 

Nevertheless, at present the uncertainty of a temperature measure- 

insignificant additional uncertainty in a few years. Our plan then, as is 

common in temperature standards, is to work on the IPTS and correct to the 

TKTS when desirable with the best corrections then available. 

Since the blackbody temperature measurement is the majar limitation 

discussed, we decided to 

(1) Make the photoelectric pyrometer a part of the spectroradiometcr 
utilizing similar optics, detectors, target areas, etc. The thouGIit 
was that this would minimize any errors in transferring the tempci-atur 
scale to the blackbody. 

Calibrate the pyrometer portion of the spectroradiometer f i v m  
basic principles, i. e. a primary calibration. 

(2) 
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Fig.  2 shows a block diagram of t h e  spectroradiometer that has  been 

developed. 

tungsten vacuum s t r i p  lamp, se lec ted  f o r  maximum s t a b i l i t y ,  i s  used as the 

equivalent  of t he  small lamp i n  an ordinary pyrometer. 

are used f o r  temperatures above about 1320 O C  as i n  an ordinary pyrometer. 

The pyrometer lamp i s  compared t o  the blackbody by a l t e r n a t e l y  posi t ioning 

t h e  two sources on t h e  entrance s l i t  of t he  monochromator. I n  f r o n t  of t he  

entrance s l i t  i s  one of two metal s l i t  masks, l i m i t i n g  t h e  s l i t  height t o  

e i t h e r  0.2 mm o r  0.8 mm. 

s c a l e s  having 0.1 mm d iv is ions .  

t he  sources. With the  a i d  of t h e  s l i t  telescope it  is  possible  t o  dc  t h i s  

t o  about 0.02 mm. 

The vacuum s t r i p  lamp and o ther  sources are  placed i n  double gimble mounts 

which provide s ix  degrees of  freedom wi th  micrometer type motion. 

makes poss ib le  t h e  inves t iga t ion  of t h e  e f f e c t s  of changing or ien ta t ion  o r  

pos i t ion  of t h e  sources wi th  a reso lu t ion  of  about 0.05% i n  spec t r a l  radiar.c.5. 

A t  6545.7 A it i s  used as a photoelectr ic  pyrometer. A 

Absorbkg g lasses  

The masks a r e  engraved wi th  two perpendicular 

Th i s  f a c i l i t a t e s  p rec i se  posi t ioning o f  

Such prec ise  posi t ioning i s  necessary with some lamps. 

This  

The e l ec t ron ic s  indicated i n  Fig. 2 i s  t h a t  wi th  which, through 1’yro- 

metry, w e  have had considerable success in  high precis ion (-.02%) low l e v e l  

measurements (dl0 amp). The r ad ia t ion  is not  chopped and a D.C.  ampl i f ie r  

i s  used. 

equivalent  t o  0.2% s p e c t r a l  radiance. 

depending on t h e  temperature, but i n  the worse case w e  a r e  ab le  by in+egrat,i:ig 

over one o r  two inches on t h e  recorder cha r t  t o  obta in  a prec is ion  i n  terms 

of a standard devia t ion  of 0.05% when comparing two vacuum lamps o r  a lamp 

and a blackbody. 

i . e . ,  w e  have e s s e n t i a l l y  a n u l l  type instrument, no e k o r s  a r i s e  due t o  lion- 

l i n e a r i t y  of t h e  photomult ipl ier  o r  e lec t ronics .  

-8 

With the  b ias ing  system used, 0 .1  inch on a recorder chart  i s  

The s igna l  t o  noise  r a t i o  va r i e s  

Since the  two rad ia t ions  a r e  adjusted t o  be almost i d e n t i c a l ,  

The phot,omultiplier has  all 
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S20 response and a quartz window. When it is used at a current level of 

about lo-' amperes and is in operation for about 45 minutes, the fatigue 

produces a very small linear change which has a negligible effect on our 

measurements (<.OS%). 

In order to calibrate the pyrometer portion of the spectroradiometer 

from basic principles, it is necessary to start with the definition of the 

IPTS above 1063 OC. This part of the IPTS is defined in terms of the ratio 

of two blackbody radiances, one being at the temperature of equilibrium 

between liquid and solid gold (gold point) . Mathematically, 
tJA(fLlu + 73 

= R  ( i ) ' l  

e - I  
Nb&)  c - 
N b A t t A J  - I  

where t = 1063 OC, To = 273.15 deg and C 2 =  1.438 cm deg. Au 

The initial requirement in a primary calibration is the gold poi1;t 

blackbody. The one we used is shown in Fig.  3. It has been thoroughly 

checked krith the NBS photoelectric pyrometer and all tests and ca1culatioi:s 

confirm that the emitted radiation in the vicinity of 6545 A is within .01$ 

of that from a perfect blackbody at the temperature of freezing gold. 

Tile wavelength in Eq. ( 9 )  is required to be known to at least 2.5 A if 

0.12 deg (4.1% in N ) accuracy is desired at 1320 OC. x 
optical pyrometry, the wavelength in Eq. (9) is the mean effective waveleiii_;th 

From the theory of 

between temperatures t and t, X where Au tAu - 
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where ht is  the  effective wavelength a t  temperature t. 

funct ion i s  d (LOA) ande (X)  i s  t h e  spec t r a l  response of the  e n t i r e  system. 

The sl i t  o r  apparatus  

All these  funct ions were ca re fu l ly  determined, and ca lcu la t ions  showed wheri 

a 0.6 rum s l i t  width (-24 A width) was used, t h e  mean e f f e c t i v e  1 was sh i f t ed  

from t h e  X s e t t i n g  of t he  monochromator when using a narrow s l i t  and s p e c t r a l  

l i n e  by about 0.1 A with an uncer ta in ty  of about 0.5 A .  It was qu i t e  adequate, 

therefore ,  t o  use t h e  wavelength corresponding t o  t h e  peak of a narrow spec- 

t r a l  l i n e  determined with a narrow s l i t  when r e a l i z i n g  t h e  low range o f  the 

IPTS. 

ca l ib ra t ion  i s  estimated t o  be about 0.03 deg. 

The r a t i o  of  s p e c t r a l  rad iance ,R,  i n  Eq. (9) w a s  obtained with t h e  beam 

The maximum uncer ta in ty  due t o  mean e f f e c t i v e  wavelength in  the  

con j o i n e r  shown below. 

Source I Source 2 

I 
I f  * Source 3 

Y r 

By ad jus t ing  each Source i n  the  conjoiner t o  independently match the  <old 

po in t  blackbody, a l l  th ree  sources together would represent  a n @  of 3. By 
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adjus t ing  two sources t o  be equal t o  each other and toge ther  equal t o  th ree  

times the  gold point ,  each w i l l  represent  an (R = 3/2. I n  t h i s  manner, many 

d i f f e r e n t  i n t e g r a l  and f r ac t iona l  values of R can be obtained without any as- 

sumption of l i n e a r i t y  of t h e  photomultiplier o r  e l ec t ron ic  system. 

one assumption required however, and t h i s  has been t e s t e d  experimentally. 

It i s  t h a t  t he  r e l a t i v e  response of  t h e  photomultiplier over the  bandwidth 

o f  t h e  monochromator does not depend on the magnitude of  t he  s p e c t r a l  

radiance. 

There i s  

Using t h e  beam conjoiner,  r a t i o s  of  about 3/4,  1, 3/2, 2,  3, 4, 6 ,  8 ,  

12, and 14 and t h e  corresponding cur ren ts  f o r  t h e  pyrometer reference lamp 

( A 9 )  were obtained. 

length,  Eq. (9) was used t o  determine the  corresponding blackbody tempel-a- 

tures. 

then f i t t e d  by a least squares c r i t e r i o n  t o  t h e  r e s u l t i n g  t en  temperatures 

and corresponding currents .  

. 0 5 O .  

Using these (R's and the co r rec t  mean e f f ec t ive  wave- 

A fcurth order  equation of current  as a funct ion of temperature w a s  

The standard deviat ion of t he  f i t  was about 

Two low range ca l ib ra t ions  were performed, t h e  second 260 hours of 

lamp burning time af ter  the  f i rs t .  

by a constant of 0.830 w i t h  a standard deviat ion of t h e  d i f fe rence  of t h e  

u n f i t t e d  da t a  of .061 OC. This corresponds t o  a standard deviat ion of one 

low range c a l i b r a t i o n  of .O43 OC. I n c i d e n t a l l g t h e  d r i f t  of lamp A 9  i s  nzw, 

a f te r  about 4.00 hours of use, O.O0lo per hour. 

The two low range ca l ib ra t ions  d i f f e r e d  

One correct ion,  t h a t  has not  y e t  been mentioned, had t o  be appl ied.  

T h i s  was the  e f f e c t  of sca t te red  radiat ion when comparing a l a rge  sov1'ce 

such as t h e  gold poin t  blackbody t o  a smaller source such as a vacuum s t r i p  

lamp. This e f f e c t  was determined by performing the  complimentary experiment.. 
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A hole  i n  a white i l luminated d i f f u s e  surface w a s  imaged on t,he s l i t  o f  the  

spectroradiometer. For any p a r t i c u l a r  condition of t h e  entrance op t i c s ,  

t he  r ad ia t ion  detected depends on the  s i z e  and shape of  t he  i l luminated 

surface.  

paper o f  var ious shapes i n  f r o n t  of t he  i l luminated surface.  

var ied from about .l% t o  .3% i n  r ad ia t ion  depending on the  age o f  the  

coat ing on the  first two mir rors  and their  c leanl iness .  

This  could easi ly  be changed by placing black ve lve t  or "flock" 

The correctioi; 

The upper ranges of  t h e  pyrometer were ca l ib ra t ed  by determining 

t ransmit tances  f o r  t h e  ind iv idua l  absorbing g l a s ses  using t h e  low range 

ca l ib ra t ion .  

observed through an absorbing g l a s s ,  with a vacuum lamp near lo40 O C  obser red  

d i r e c t l y ,  scb t h a t  

This  was accomplished by matching a vacuum lamp near  1320 O C ,  

Using Wien's equation which has an e r ro r  o f  only about 0.0001% f o r  t he  

maximum value of  AT used i n  t h e  low range, one obta ins  

where A i s  t h e  so-called "A" value of  the absorbing glass .  

I n  pyrometry, absorbing g l a s ses  a re  usually se lec ted  which have a n  

exponent ia l  t ransmit tance,  i .e .  

I n  t h i s  case,  t h e  "A" value i s  independent of the  mean e f f e c t i v e  wavelength 

and need only be determined with two temperatures such as i n  Eq.  (13) .  A l s o  
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t 

I 

I 
I 
I 
I 
I 
I 

I 
I 

from Eq. (13) two o r  three filters can be used in series; and, neglecting 

reflection, the resulting "A" value is the sum of the individual rrArl values. 

Using the above principles and correcting for reflectances, which were 

experimentally determined (-.16% correction for two absorbing glasses) , the 
"A" values were obtained for groups of one, two and three absorbing glasses, 

and the higher range calibrations consisting of these "A" values and the low 

range calibration were thus obtained. 

One additional point; the glass usually used in pyrometers for absorb- 

ing glasses is Corning Pyrometer Brown. 

temperature coefficient, transmittance decreasing with an increase in glass 

temperature, that made it difficult to use with the precision desired. 

Another glass was found however, Jena NG,3, which also had an exponential 

transmittance but had a coefficient with the opposite sign. The two 

glasses were combined in a composite filter with their thicknesses selected 

SO that the temperature coefficient was negligible. 

This glass was found to have a 

The pyrometer portion of the spectroradiometer has been calibrated with 

an estimated uncertainty of about 1 deg at 2500 OK on the IPTS, the same as 

that possible with the NBS photoelectric pyrometer. 

initial objective of 0.24 deg (-.l% in N 

We thus missed our 

) by a factor of fou r .  5 500 

COMPARISON OF BLACKBODY AND TUNGSTEN STRIP LAMP 

Many of the features required for using the spectroradiometer as an 

accurate pyrometer at 6545.7 A are obviously equally useful at other wave- 

lengths where the high temperature blackbody and a gas tungsten strip lamp 

are compared. 

wings) are not quite as serious since a wavelength accuracy of about 5 A 

The wavelength accuracy and scattered light (or slit function 
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corresponds t o  a matching e r r o r  i n  t h e  v i s i b l e  of only 0.1%. 

f ac to r  i s  the  gas lamp i t s e l f .  

The major new 

Tne best  gas lamps we have observed d r i f t  about 0.002% per hour a t  a I 

I 
~ 2500 OK brightness temperature i n  the  red and about .Ol% per  hour f o r  

2625 OK. 

100 grea te r .  

However, some lamps have been observed t o  d r i f t  by a f a c t o r  o f  
I 

Thus only the  best  lamps ava i lab le  are s t a b l e  enough n o t  t o  

I l i m i t  t he  accuracy of the  ca l ibra t ion .  Even then t h e i r  burning time should 

be kept t o  a minimum. 

The gas lamp normally used i n  our  ca l ib ra t ions  i s  the  GE 30A/T24/3. 

It has a quartz  window, a 3 mm x 4.4 mm fi lament,  and has a small notch i n  

t h e  fi lament opposite t he  window. 

fi lament GI3 lamps because of the  smaller temperature gradient ,  over the vicv- 

ing a rea  of about .6 mm x .8 mm. 

We prefer  them over the  newer shor te r  

Before ca l ibra t ion ,  t he  optimum or ien ta t ion  f o r  the  lamp i s  determined. 

The r ad ia t ion  from t h e  t a r g e t  a rea  i s  very noisy and even osc i l l a to ry  unless  

t h e  lamp fi lament i s  or iented close t o  ve r t i ca l .  

caused by convection e f f e c t s  of t he  argon gas around the  hot f i lament.  

When the  most favorable o r i en ta t ion  is  determined an arrow i s  etched on t h e  

back sur face  o f  t h e  lamp and a l i n e  through the  center  of the  notch and t i p  

of t he  arrow serves as a reference ax i s .  This axis i s  usual ly  made hor izonta l  

and i s  a l s o  approximately the  op t i c  ax i s  o f  t h e  spectroradiometer, thereby 

insur ing  not  only a reproducible or ien ta t ion  but a l s o  a reproducible d i r ec t ion  

of s i g h t i n g  on the  lamp. 

This i s  believed t o  be 

The ex ten t  t o  which the  lamp is polarized when or iented and viewed as 

described above i s  determined a t  about 5000 A where the  spectroradiometer is 

depolar ized.  

f l uo r ide  properly oriented and placed between the  e x i t  s l i t  and the  de tec tor .  

The instrument i s  depolarized with two p l a t e s  of calcium 
I 
I 
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Blackbody 
Uncertainty 0*4% 0 25% 

0 

Usually t h e  po la r i za t ion  of a lamp i s  l e s s  than 1%. 

I 
0% I 

I 
I - I 

The r ep roduc ib i l i t y  of t h e  blackbody and gas tungsten s t r i p  lamp 

Temperature IPTS 095 

comparison, using t h e  lamp and blackbody as described, has a standard dev- 

i a t i o n  ranging from about .05% a t  6500 1 t o  .15% a t  3000 1 and .3% a t  

, 2100 1. 
SUMMARY OF RESULTS 

I -3 -65 

The t a b l e  below summarizes t h e  estimated unce r t a in ty  i n  terms of 

Uncertainty TKTS 
(0) 

Tota l  IPTS 
Uncertainty TKTS 

(20-1 

s p e c t r a l  radiance wi th  which t h e  spectro-radiometer has been ca l ib ra t ed .  

The unce r t a in t i e s  are broken down i n t o  that due t o  t h e  blackbody and t h a t  

.3 1 -65 I 

I 
I 

i 995 

I 
.6 2.1 1.4 I 

2.8 1.9 

due t o  t h e  temperature measurement and a r e  given i n  terms of a standard 

devia t ion ,  0. The t o t a l  unce r t a in t i e s ,  however, are twice the  square r o o t  

of t h e  sum of t h e  squares of t h e  individual unce r t a in t i e s ,  corresponding t o  

a 95% confidence l i m i t .  

The t r a n s f e r  of  t h e  spectroradiometer ca l ib ra t ion  on t o  a s t a b l e  unpolarized 

tungsten s t r i p  lamp can be accomplished with neg l ig ib l e  add i t iona l  uncer ta in ty .  
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The r e s u l t s  of a ca l ib ra t ion  a r e  usually reported i n  terms of the  

In t e rna t iona l  P r a c t i c a l  Temperature Scale. This i s  done because the  IPTS 

i s  more convenient t o  r e a l i z e  and more precise  than the  TKTS. 

a cor rec t ion  can be made t o  t h e  TKTS. 

t r a l  radiance r e s u l t i n g  from the  correct ion t o  the  TKTS i s  expected t o  

decrease s i g n i f i c a n t l y  i n  a f e w  years. 

When necessary 

The addi t iona l  uncertainty i n  spec- t 
I 
I 

1 

I 

! 
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PART I11 

SPECTRAL RADIANCE OF THE M W  CURRENT GRAPHITE ARC 

A.  T. Hattenburg 

and 
H. J. Kostkowski 
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SPECTRAL RADIANCE OF THE LOW CURRENT GRAPHITE ARC 

A.  T. Hattenburg and H. J. Kostkowski 

Introduct ion 

The low current  graphi te  a r c  has long been of i n t e r e s t  as a br ight ,  

reproducible source of radiat ion.  

gated the  spec t r a l  radiance o f  t h i s  source using graphi te  and/or carbon 

(lampblack base) e lec t rodes  and employing various ca l ib ra t ion  techniques 

t o  y i e ld  absolute  values. Nevertheless, a t  4000 1 di f fe rences  between two 

of t he  more widely used r e s u l t s  [4,5]  a r e  a s  high a s  15%, and below 4000 A 

there  have been fewer inves t iga t ions  and the unce r t a in t i e s  a r e  grea te r .  

development of a high accuracy spectroradiometer, which i s  described else-  

where i n  t h i s  repor t ,  made possible  a more accurate  determination o f  t he  

a r c  s p e c t r a l  radiance from 8500 A t o  2100 A. 

t h e  r e s u l t s  of t h i s  determination. 

Method 

A number of workers [1-6] have inves t i -  

0 

The 

0 0 
This p a r t  of t h e  repor t  presents  

The normal use of t he  spectroradiometer involves comparing the  source 

t o  be ca l ibra ted  t o  a high temperature blackbody, which i s  adjusted t o  be 

equal t o  t h e  source a t  each desired wavelength. 

procedure w a s  necessary i n  the  case of the graphi te  a r c ,  s ince  i t s  spec t r a l  

radiance exceeded t h a t  o f  t he  blackbody by a f a c t o r  as la rge  as ,!+.400 i n  t he  

sho r t  wavelength region. 

A modification o f  t h i s  

Two possible  methods o f  comparing these unequal sources were considered. 

The first method involved using a f i l t e r  t o  reduce the  spec t r a l  radiance of 

t h e  a r c  t o  that of the  blackbody, and then using the  spectroradiometer i n  i t s  

usual n u l l  mode. 

t ransmit tance a t  each wavelength o f  i n t e re s t .  

This required an accurate determination o f  the  f i l t e r  
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Though laborious and time consuming, t h i s  method should be capable o f  

an accuracy approaching t h a t  ava i lab le  i n  the  normal method of using the  

spectroradiometer. I n  the  second method, the r a t i o  of  s p e c t r a l  radiance 

of t he  blackbody and a r c  would be obtained from the  r a t i o  o f  the e l e c t r i c a l  

cur ren ts  o f  t h e  photomultiplier tube corresponding t o  t he  two rad ia t ion  

s igna ls ,  after being amplified and presented on the  recorder.  

scheme would f a c i l i t a t e  t he  co l lec t ion  o f  data,  but  introduced a new source 

of e r ro r ,  t he  possible  departure from l i n e a r i t y  of  t he  photomultiplier and 

the associated amplif ier .  

This  second 

In  choosing between t h e  t w o  methods o f  ca l ib ra t ion ,  t h e  reproducib i l i ty  

o f  t he  graphi te  a r c  became the  deciding fac tor .  

a r c  s t a b i l i t y  indicated a va r i a t ion  i n  a rc  radiance corresponding t o  a stan- 

dard deviat ion of about 1% t o  2% a t  6500 t o  2500 i, respect ively,  about 3 

times t h e  corresponding uncer ta in t ies  f o r  t h e  spectroradiometer. Also,  

Careful measurement o f  

preliminary t e s t s  indicated that t h e  error due t o  departure  from l i n e a r i t y  

could be l a r g e l y  corrected and would not add s i g n i f i c a n t l y  t o  these uncer- 

t a i n t i e s .  Therefore, t h e  second and eas ie r  of the two methods out l ined 

above was chosen. 

Arc - 
The a r c  employed was a commercial device manufactured by the  Mole- 

Richardson Company, and designated as the  Pyrometric Molarc Lamp type 2371. 

It was operated i n  a manner recommended by t h e  manufacturer. 

a r a t e  ad jus tab le  continuous feed mechanism f o r  both electrodes as wel l  a s  

t he  necessary manual adjustments, a 120° angle between electrodes,  and an  

imaging screen t o  make possible  continuous monitoring of t he  electrodes 

pos i t i ons .  The a r c  power supply consisted o f  a 120 v o l t  bat tery,  a su i t ab le  

r e s i s t o r  for b a l l a s t  and a carbon p i l e  rheos ta t  f o r  f i n e  current  adjustment. 

It employs 
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The negative electrodes were National Carbon AGKS graphi te ,  1/8" diameter, 

and the  anodes were National Carbon SPK graphite,  l/4" diameter. 

was burned f o r  a t  l e a s t  ten minutes before any da ta  w a s  taken. 

was operated a t  a current  approximately 1/4 ampere below the  overload point.  

This  proximity t o  overload was checked before each reading, and no readings 

were taken u n t i l  one minute after the  hiss ing stopped. 

was constant ly  monitored t o  maintain t h e  anode face  in t h e  plane normal t o  

the  anode ax i s ,  and focused on t h e  slit o f  the monochromator. 

a rea  observed w a s  0.1mm wide and 0.8 ram high centered on t h e  anode. 

Experimental Procedure 

The anode 

The a r c  

The electrode spacing 

The t a r g e t  

The spec t r a l  radiance of t h e  anode, as  viewed through the a r c  stream, 

w a s  determined a t  a number of selected wavelengths from 8500 t o  2100 8. 
The measurements were made a t  f ixed wavelengths, r a t h e r  than by continuous 

scans, so that the  current  of t he  a r c  could be maintajned a t  the  proper 

value below the  overload point ,  and short  term va r i a t ions  and noise  i n  the  

a r c  s igna l  could be averaged f o r  each wavelength. 

than 2700 A were selected on the  bas i s  of a small radiance contr ibut ion 

from t h e  a r c  stream and therefore  from l i n e  or  band spectra .  

sho r t e r  than 2700 g, where t h e  a r c  stream contributed s ign i f i can t ly  a t  a l l  

wavelengths, t h e  measurements were made every 100 A .  

The wavelengths longer 
0 

A t  wavelengths 

0 

I n  order  t o  determine the  desired wavelengths above 2700 8, continuous 

scans from 2700 

s p e c t r a l  s l i t  width of 0.2 8. 
a t  a poin t  about 0.5 mm i n  f r o n t  o f  the anode. 

supplemented by viewing the  stream section between anode and cathode from 

t h e  f r o n t ,  with the  a rc  t i l t e d  about 15O (causing the  anode t o  face down- 

ward). 

t o  8500 1 were made of t h e  a r c  stream alone with a 

The a rc  stream was observed from the  s ide ,  

These measurements were 
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For t h e  s p e c t r a l  radiance determinations,  t h e  blackbody w a s  s e t  a t  a 

high temperature (-2850OK) , and t h i s  temperature measured before  and a f t e r  

each se t  of measurements. The a r c  was compared t o  the blackbody a t  each 

I chosen wavelength by a l t e r n a t e l y  center ing the images of t h e  two sources 

on t h e  monochromator s l i t ,  and se l ec t ing  t h e  required ampl i f ie r  gain.  

r e s u l t i n g  pen de f l ec t ions  and corresponding ampl i f ie r  gains  yielded the  

The 
b 
I 

des i red  r a t i o  of s p e c t r a l  radiance.  

4 8 a t  the  sho r t  and long wavelengths respect ively,  while the  aper ture  was 

about f/12. 

The spec t r a l  band pass  was 2.4 and I 

The departure  from l i n e a r i t y  of t he  detector-amplifier response was 

determined a t  two wavelengths, using the  blackbody t o  obta in  the  required 

radiance r a t i o s  a t  a sho r t  wavelength (3400 1) and t h e  ca l ib ra t ed  f i l t e r s  

(absorbing g l a s ses )  of t h e  spectroradiometer a t  a long wavelength (6546 A ) .  
0 

The observed departure  from l i n e a r i t y  did not  depend on wavelength and 

var ied  from about 1/2$ a t  the lower ratios t o  4% f o r  those a t  about 4400. 

Results 

The s p e c t r a l  radiance of t h e  graphite a r c ,  re la t ive t o  a 3800 OK 

(IPTS) blackbody, has t h e  general  appearance shown i n  Fig. 1. The la rge  

dev ia t ions  from a r a t i o  of  one which occur i n  t h e  middle wavelength re,-' ' 1011s 

are caused by C N  and C molecular band spec t ra ,  and are highly discrt>t,r  i i i  

charac te r .  The departure  below 2600 A i s  l a r g e l y  continuous. 

2 
0 

The results f o r  t h e  se lec ted  wavelengths are given i n  Fig. 2. The 

mean s p e c t r a l  radiance f o r  a group of  s i x  graphi te  anodes are shown rela- 

t i v e  t o  a 3800 OK (IPTS) blackbody. Each poin t  includes da ta  from about 

four  anodes. 

minus t h e  sample standard devia t ion  about t he  sample mean. The measure- 

The bars  shown f o r  a few of  t h e  po in t s  represent  p lus  and 

I 

ments on the  a r c  stream alone permitted an  in t e rpo la t ion  and extrapi.latiL-;; 
I 
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* 

f o r  some of t he  poin ts  i n  Fig.  2. These results are given i n  Table I. The 

s p e c t r a l  radiance of t h e  a r c  (anode and a r c  stream) throughout each of  t h e  

l i s t e d  s p e c t r a l  regions i s  equivalent  t o  a blackbody wi th  the  temperature 

given i n  Table I. 
1 

From 2600 1 t o  2100 8, the  arc stream contr ibut ion 

1 TABLE I. Blackbody o r  Radiance Temperatures of Arc 

Wavelength (8) Blackbody Temperature 
(OK IPTS) 

8500 - 5640 3795 OK 

5360 - 5175 3795 

4375 - 4755 3795 

4350 - 4.220 3800 

3975 - 3950 3820 

3650 - 3640 

3300 - 2800 

2600 

2 500 

2400 

2300 

2200 

2100 

3818 

3806 

3828 

34 5 1  

3895 

4 ~ 7 6  

w 7 5  

4342 

becomes increas ingly  l a rge  relative t o  the  anode c r a t e r  r ad ia t ion ,  exceeding 

it below 2300 1. The r e s u l t i n g  a r c  rad ia t ion  i s  no t  represented by any one 

b l a c k b d y  curve. 

f o r  t h i s  region. 

Therefore i n  Table 1, only s p e c i f i c  wavelengths a r e  l i s t e d  

The a r c  s p t c t r a l  radiance can be obtained from t h e  IPTS blackbody 

temperatures i n  Table 1 by using t h e  following equaticn: 
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Since C2(IPTS) = 1.438 cm deg, TAu(IPTS) = 1336.15OK and using t h e  llbestll 

values f o r  C and TAU where C = 1.43879 cm deg and TAU = 1337.65OK 2 

where the  wavelength 1 i s  i n  centimeters and N 

( ~ m ) - ~ .  The f a c t o r  i n  parenthes is  represents  t h e  cor rec t ion  due t o  con- 

ve r t ing  from the  In t e rna t iona l  P r a c t i c a l  Temperature Scale  (IPTS) t o  t h e  

Thermodynamic Kelvin Temperature Scale  (TKTS) . 
ease Jf r e a l i z i n g  and maintaining t h e  IPTS and i t s  in t e rna t iona l  acceptai:ce, 

temperatures are normally measured and reported on t h i s  scale .  Kevert,heless, 

when using a temperature t o  ca l cu la t e  another physical  parameter i n  a:! 

equation from thermodynamics o r  s t a t i s t i c a l  mechanics, it is  Recessary, fL>:. 

i s  i n  watts (steradian)- '  x 

Because of the  r e l a t i v e  

the  most accura te  result, t o  convert  t o  t he  Thermodynamic Kelvin Temperature 

Scale.  

The results in Table 1 were obtained under spec i f i c  condi t ions of 

f/number, s p e c t r a l  band pass and t a r g e t  area. If d i f f e r e n t  condi t ions are 

used, experimental  checks should be made o f  the e f f e c t  of these  changes on 

the  results. 

i n  t h e  cur ren t  work when it i s  published. 

Molarc lamp used here may a l s o  a l t e r  the results, p a r t i c u l a r l y  below 2SOd A .  

Uncertainty of Results 

Some of  these  checks are being performed and w i l l  be rpportzd 

Use of an a r c  o ther  than t h e  
0 

The unce r t a in t i e s  i n  the s p e c t r a l  radiance are due pr imari ly  t o  the 

v a r i a t i o n s  in  the  a r c  i t s e l f ,  t he  response cha rac t e r i s t i c  of t he  photo- 

mul t ip l ie r -e lec t ronics  system, the  ca l ib ra t ion  of the  spectroradiometer,  

and the uncer ta in ty  of t he  Thermodynamic Kelvin Temperature Scale  (TKTS). 
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The a r c  va r i a t ions  a r e  r e f l ec t ed  i n  the  standard devia t ions  of t h e  ind i -  

v idua l  measurements, and vary from about 1% t o  2% from 8500 8 t o  2100 ;I. 
The ca l ib ra t ion  of system response i s  uncertain t o  about 1/2% f o r  values 

down t o  2400 1, and somewhat g r e a t e r  a t  sho r t e r  wavelengths, about 

3% a t  2100 1. 
standard devia t ion  of  about 0.4% a t  8500 1 and 1.1% a t  2100 w r e l a t i v e  tc. 

t he  IPTS. 

0.25% a t  8500 

r e s u l t s  i n  a standard devia t ion  uncer ta in ty  of 1.2% a t  8500 1, 2.4% a t  

2400 A ,  and 3.9% a t  2100 1, o r  a 95% confidence l i m i t  uncertainty of 2 . G  

a t  8500 1, 4.8% a t  2400 8 and 7.8% a t  2100 1. 

The spectroradiometer has an uncer ta in ty  i n  terms o f  a 

F ina l ly ,  conversion t o  t h e  TKTS adds an uncer ta in ty  o f  a b w t  

and 1% a t  2100 8. Combining these  r e s u l t s  i n  quadrature 

0 
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